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MATEMATHKA 


B. C. BAXEHCKHM 
OBOBLIEHHE HEPABEHCTB B. A. MAPKOBA 


(ITpedcmaeaeno axademuxom C. H. Beprwumetinom 141 1958) 


Teopema. Ecau na ompesxe [—1,1] muozounen Py(x) cmenenu He 
wue n yooereméeopsem HepaeeHcmey 


| PPE (ER Weccet | Mees), (1) 
10) 
PP) |< MP (1) = TP) +254 TP) (R=1,..., 0), 2) 


Je T, (x) =cosnarccosx. Pasencmeéo 6 (2) docmueaemca monabKo OAA MHO2O- 
moe DP, (x) = 7M, (*), |x| =, 


Mae ae te Ten) (3) 


moukax x =-+1. 

IIpuH a=1 mpapaa uactb (1) paBHa eMHule M HepaBeHcTBa (2) o6pa- 
atoTca B HepapeHctBa B. A. Mapxosa. IIpn R=1 u 2 u mo60m « >0 
20peMa jloKa3aHa B MOeH 3aMmeTKe (7). 

Tlo02«KHM 


| Mn (x) =F {(ax +0 V 1 — x*) (Pn (*) + tSn—a (x)]}, F 
En (x) = VIR PN pa (2) = 8 {(ox + LVI 29) [Tna(s) + SnD, 
e Sn (x) = sinnarccosx. Pyuxunu M, (x) u Nyy (x) — MuorouseHbl cooT- 
PTCTBEHHO CTeleHH 1m Hu n—1, Bce MX HYyJIM JeKaT B MpoMexytTKe (— 1, 1) 


| B3aMMHO TepemMexkaloTca (cM., Hampumep, (?)). Herpyquo noKasaTb, TO 
3 (4) BbITeKaloT paBeHcTBO (3) H paBeHCTBO 


cpa al a —1 
Ln (0) = “E*Sp (x) + = Sn-2 (2). (5) 
Ecam noJl0xKuM 
ies. cal Com Alte 3, A) (6) 
By) = {M0 TPN Ct eee ee | (7) 


|M® (x)| npu —co<x <4”, Gan <x< +o, 


ge &") eV). — Kpalinme HyiM PyHKUAn ee (x), slexamve Ha oTpeske 
—1, 1], To m3 MOMX Mpegbiyuyux pesybTaToB (°°) cueqyeT, 4TO WA 
HOrOWIeHOB, yOBMeTBOpsolNX (1), clipaBeymuBbl cvlefyroulHe OWeHKH UX 
DOV3BOJIHBIX: 

)P™ (x)|<On(x) (R=1,..., 0; —0 <x <oo). (8) 
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TlepponayambHo C. H. Bepnuretinom (°) Oblm0 moKasaHoO, 4TO Ha we 
[—1, 1] qua meppol mponsBoqHOH uMeeT MeCTO HepaBeHCTBO | Pr(x) |< Hy 
Hama Teopema O6yjeT cuIeOBaTb HemocpeCTBeHHO U3 HepaBeHCTB 
eCJIM Mbl WOKaxKeM, 4TO YeTHad HempepbiBsHad dbyHkuMA ©, (x) MOHOTO 
BospactaeT mph x >>0. Bnpouem, nockouIbKy Bce HyJM M® (x) aexat BO 


mexytke (2("), gh) nti) (*), TO BospactanHe ;(x) Hy2KHO YCTaHOBHTb JIMUIb 


otpeske [0, Wad. 

Jloxaxem, uto Hz (x) pasnaraerca B mpomMexytKe (—1, 1) B pag T 
opa MO YeTHBIM CTeMeHAM X C MOJIOXKUTeJIbHbIMH KoadppuuneHtamu. IIpu 3 
MbI OyeM ONMpaTbcA Ha ycTaHOBJIeHHbIH B padote A. Iedpepa u P. A 
(buna (*) cbakT, 4TO 


8 


War =(F PR @Y EIS Gr > eee aoe 


p=0 


(eet 2 yee oi, FO gee el eels 


Ouesngno, dbynKkuns Hj, (x) MOxeT ObITh 3anucaHa B BULe 


Hi (x) = {5-170 (x) + Tees + 2 (TH? (x) — TH. (P+ 
+ {FSP +S OI+ FISMO—SM IP 
C OMHOM CTOPOHbI, CipaBeAIMBbI TOxKLecTBa 


Pio) ct Tana (x) SOeT Sy Pate) Te) 
. 
7 (1 — x") Spat 


Sn (*) Ht Spag (*) = 2eSa—1(%),) Sn (%) = Spo (%) = — i 
C mpyroi cropousi, pyuKuun T,(x) a S,(x) yaoBnerBopstor qucbbep 
WHaJIbHOMy YypaBHeHHto | 
(1 — x*)y" — xy’ + ny = 0, (| 
cneqopatembuo, 7 (x) u Se (x) YOBJIETBOPAIOT ypaBHeHHIO | 
(1 — x?) yl? +2) — (2k + 1) xy) + (n? — 2) y® = 0. (| 

M3 Toxwyects (11) nonyuaem 


2 


[Th (x) +T ay + [Sn” (x) + Sh, (x)? = 


= 4 [+ Waa (% (x ) + kx £ == et (x) -+ RAW na, k—1 (x) | é ( 

V3 (13) nomyuaem ° | 
[aE GT Se ee (n° — 2a + k) TES (x)], | 

[1 — #4) Spa I? = — ane (Wt mtystPoy. 4 


IIpumenssa (11) wu (15), moxem nanucatp 
[Pn (2) Tes Perse aye aa ae 
= Gage | Mae (*) + (nt — nt AW, oy) + 
+ (8 = 20 + Wana, na oF j 


(Pe COP all ie OOP) Se SY CoP —1S, ie) P) = 


7 
os (eves n(#) + (0? — 2n + 2k) x2 Wa a, na (x) + 


n= 4 
A Ob (n®? =n 4k) We aa (x)| (ay 


Us (14), (16) u (17), yaurpipaa (9), sakmouaem, uto npu k=1,...,n—2 
yHkuua Hi,(x) pasmaraercs B (—1, 1) B veTHbI creneHHoi pay c nono- 
ATeJIbHDIMHM KOSPPHUMeHTaMH, UH, CeqoBaTebHO, upH 1<k<n—2_ Teope- 
a jokasana. IIpu k =n Teopema HenocpescTBeHHO BbITeKaeT u3 (8), TaK Kak 
om x= 1 umeem | Pl? (1)| <M" (1). pa k=n—1 pesyaptar cuoza serKo 
lelyetT us (8), H60 MaKcuMyM vuuelinoli dynKuun P(x) Ha orpe3sKe 
—1, 1] gqocruraetcs Ha OHOM M3 KOHILOB OTpe3Ka; HO B TOUKax x = -+ | 
pt umeem | PY) (+1); <M» (1). Tipu yokasatenbcrBe Teopempl HeABHO 
seqnoularaiocb, UTO Nn >2, HO sCHO, 4¥TO mph n=1 uw 2 HepaBeHcTBa (2) 
JAIOTCA MPOCTLIMH CJIeCTBHAMM HepaBeHCTB (8). 

Sameuy, YTO B BOMpOce O KOHCTPyKTMBHOH XapaKTepHCTHKe 3aaHHbIxX Ha 
JHEYHOM OTpeske (yHKWMH no ux mprOmWKeHHAM MHOTOWIeHaMH, UCcJIeqO- 
AHHOM B HeflaBHee Bpema B. K. JI3aqpikom (§) u A. ®. Tumanom (°), urpaioT 
PKHYIO POJIb OWCHKH MOCJeOBATeJIbHbIX MPOM3BOAHbIX MHOTOWIeHOB, YOBJIe- 
BOPAIONINX HepaBeHCTBaM 


fe) 


, igre re 
IPa(z)|< |= +iVI-# ty, hae 

| YNOMAHYTHIX pa6oTaxX HH TPH KakKMX 3HaYeHHAX po He ObWIM yKasaHbl HH 
KCTPCM@JIbHbIN IH 9TOM 3alayH MHOrowieH, HM TOUHbIe BepXHve rpaHHn 


pouspoquprx Pt (x) na otpesxe [—1, 1]. 


Marematuyeckuit wuucratyt um. B. A. Creksosa Tocrynus0 
Akajemuu Hayk CCCP 14 1, i958 


UUTUPOBAHHAA JIMTEPATYPA 


1B.C. Bungeucxku it, 3an. matem. org. (u3.-MaTeM. dak. H XapbKOBCK. MaTeM. OOUL., 
5, cep. 4 (1958). *C.H.Bepumre iu, Co6p.cou., 1, cratpa Ni 42, 1952, crp. 452—467. 
B. COBunxen cxud, DAH, 67, Nod) (1949) 2 BaC) Baume we Kin h, JAH, 73; 
62 (1950). 5B.C. Bugeuckua, Wan. AH CCCP, cep. matem., 15, 401 (1951). 
C.H.BepuwmrTeith, Cop. cou., 1, craTba Ne 46, 1952, erp. 497499. 7C.A.Schaet- 
r r,R.J.Duffin, Bull. Am. Math. Soc., 44, Ne 4 (1938). 8B. K.13an5 k, Mss. AH 
CCP, cep. matem., 20, 623 (1956). °A.®. Tumau, JAH, 116, M5 (1957). 
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Jloxnaann Akagemun nayr CCCP 
1958. Tom 120, N 3 


H. A. FOJIBLLOB 


MPHMEHEHVME OJHOrFO ®YHKUMOHAJIBHOrO PATA 
AAA BbIBOJA ®OPMYJI PA3SJIMGHbIX UNCJIEHHbIX METOJIOB © 
(PEWWEHHS) =OBbIKHOBEHHbIX JH@OSEPEHUMAJIBHbIX YPABHEH | 


(ITpedcmaeaeno axademukom C. JI. Coboneeoim 13 I 1958) 


Pa6orn Ill. E. Muxenagse (2), HW. C. Myxuna (2) u B. Tl. Beruuuxuna | 
TOSBOIMJIM MOYYHTb, UCXOAA 3 BbIOpAaHHbIX HMM OOUMX NPHHIUMNOB, WUP 
Kue Ppynnbl POpMY AIA UHCMeHHOTO MHTeErPpHPOBaHuA OObIKHOBEHHbIX IH 
PCHIWHaIbHbIX ypaBHeHHli. OguHako 9TH pe3yJIbTaTbl He OXBAaTbIBalOT BC 
MHOPOOOpa3HA BOSMOXKHbIX MYTeH PelleHHA MOCTAaBJeHHOM 3aauH. 

B caa3v Cc STHM MpescTaBAAeTcA WelecooOpasHbiIM paccMOTpeTb MpHmMe 
HMe JIA BbIBOLAa C(OPMYJI UMCJICHHbIX MeTOJOB PelUeHHA OObIKHOBeEHHbIX JM 
peHIMaJIbHbIX YpaBHeHuH cueqyroulero CPyHKWMOHAIbHOrO psa: 


Pete 
7] (Xn -F h) = » SU Cry (Xn + &pzh), My = Mo, My, Me, +. 5 Mp, 


k=0 2=1 


re Pp — BeIMuHHa NMOpAyKa HavBbICWeH MpOW3BOHOH MCKOMOM (yHKIE 
yuacTByromel B pacueTaX; Mp_— 4HCJIO MPOH3BOAHbIX OLMHAKOBOrO NOpALe 
yuacTBYIOWUMX B pacueTax. 

MopmyvIbl WIA UHCCHHOTO HHTerPpHPpOBaHHA OObIKHOBeHHEIX Auddep 
UMaJIbHbIX YpaBHeHHH MpelcTaBAIoTca B Bue pxAa (1), KosdpuuNeHTHI KOT 
poro ompesemAoTCA H3 CHCTeMbI YpaBHeHHH, NOyuatouluxca HanOoee mpoc 
B pe3yJIbTaTe MpupaBHHBaHHA CyMM KOSPPHUHeHTOB pH MPOW3BOAHBIX OAH) 
KOBOrO NOpAyKa Noce pasJIOKeHHA UWeHOB pxya (1) no creneHamM Hu KODdy 
I[H€HTOB IIpH COOTBETCTBYIONLUX MPOHSBOAHbIX MepBbIX WIeCHOB paya Teksop 

Cuctema ypaBHeHHli, Onpesematollad 3HaYeHHA KOSPPuUNeHTOB pana (3 
MOXeT ObITb MpescTaBleHa B Buse 


1—1 ™k 1—k— 

, E qian 4 
DD (ey eS NY ea Ses Of: 
p=) “eal 


L=1,2,...,m+m+tm-+. » dlp sha a5 Os 


Te g — HavOOJIbllee uuCI0 ypaBHeHH, pH KOTOPOM BO3MOXHO HaliTH peleHt 
cucrembI (2). 

Takum o6pa3om, 3aaya BbIBOJa CPOPMYVI AIA UMCICHHOTO MHTerpupoBaHy 
-O6 bIKHOBeEHHBIX muche pew Wvas bHEIX ypaBHeHHH CBOAHTCA K pelleHHIO cucTe 
asire panyeck AX y paBHenun, KOTOPpad TIpH BbIOPpaHHbIxX KOaPPuILWeHTaXx of 
ABJIAeCTCA JIMHeEHHOH cucTemoi. 

Hccnenopanue cuctTemb! (2) Wa BbIABJIeEHHA 3HAYeHHM KOSPHIMeHTOB o 
C IleIbIO NONYYeHHA HaHOosee acpPeKTHBHIX CPOPMYVI DIA aucIeHHOrO wnTerp3 
PpOBaHHA OObIKHOBeHHbIX AudpPepeHUMaJIbHbIx y paBHenui MOXKHO BbINOJIHY1 
C MOMOUIbIO ObICTpOMelicTBYIOWeH BbIUMCIHTeIbHOM MalLLUMHbI. 

/lia pumepa cocrTaBuleHa CHicTeMa Y paBHeHul Busa (2), oNpeyemsmioulad KO96 
(buunenth paga (1) npx m= m= m,= 4. B KxayecrBe npumoxKenua pana ( 
‘cocTaBuleHa TaOuI. 1, B KOTOPOM, HapsaAy c paHee H3BecTHBIMU (bopMysamn, np! 
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eo GF + Meg tHe eg) Th ug tg Cae 
aie TT, : 
Gh? 
e Sick, lee) OL a ee cl ¥ ah zvler_|er 
owe Ly zeq ol * oo Zh Gate ONTO ¢ lor | ez J 
(yy a oz 4 e~uegt— eae Re) Gh ge THe ; 
yt sieed Yy 
2 it ry | Bty | ty | to | 125| et ae ty | 10 
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JeHbi HoBbIe. II]pu HanucaHHu BbIpaxkeHHl OWMOOK aNMpoKcumalluu HW OKpyr- 
dHA Ha Ware, HME}OWMX MECTO IPH NOTb30BaHHN Popmyviamu Ta6a. 1, mpu- 
ThI OOO3HayeHHA 6 = Y — y; 0'= y'= y'; 0" = y" — y” (Ha TOUHDIMN 3Haye- 
AMM HCKOMOH (byHKIMH H ee NPOM3BORHbIMH MOCTAaBJICHbI YepTOUKH). 
MopMyJIbl, BbIPaXKeHHble Uepe3 KOHEUHbIe UNA PAaBHOY aJICHHbIX OPMHAT, 
K M3BeCTHO, MOryT ObITb TipeBpallleHbl B (POPMYVJIbI, BbIPAXKeHHble yvepe3 pa3- 
CTH. 


| Ovepretuueckuii unctutyr um. T. M. Kp»xxanosckoro Tlocrynmusio 
Axayemun HayK CCCP 20 V 1957 


UWMTHPOBAHHAS JIUTEPATYPA 
1. E.Muxeunag3e, JAH, 90, N4 (1953). *H.C.Myxu4, IIpuxa. marem. u 


x., 16, 8.2 (1952). *®B. Tl. Beruuuxkauu, Merogsi npnOmMxKeHHoro M UcMeHHOrO HHTe- 
POBaHUA OObIKHOBeHHEIX AupepenuMabHbIx ypaBHeHnit, B. I, 1933; B. II, 1934. 
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Jloxxaym Akapwemun nayx CCCP 
1958, Tom 120, Ni 3 


MW. B. TEJIbMAH 


OB OJHOM HEJIMHEMHOM ONEPATOPE 


(I]pedcmaeaeno axademuxom B. H. Cmupnoeoim 17 I 1958) 


it Ilyctb M(u) u N(v)—aBe B3aMMHo-jonomHuTembHbIe N’-pyHkun 


Liu (Q) uw Ly (Q)—coorsetcrByouMe MM mpoctpancTBa Opsmua (Q — n-me} 
Hawi orpaHwueHHad oOvlacTb c rpaHuueH I’) (1), mpayem (cyHkuna Me 
TaKOBa, 4TO 


\ M (u) dQ 
fee eee 
Il“ lag 


—oo mp |u|,— > ( 


(uepes || ||, OOosHayeHa HOpMa B MpocTpaHcTBe be (OV jar: 
Ilycrb 3aqaH (yHKWHOHa 


l 
je) Vi (es as Hai se) a, ¢ 
rye 


f>mM (Du) (m >0—nocrosnuas; Du = >, 


: l 
0? (k) 2 (k) = . 

>) a = Ou ia pe Penge oo) >, | thy. ky | EO (4 

, padi Ee oh k=0 : 


| 
(Tak %Ke, KaK 3TO CjleIaHO HWKe, MOXKHO paCCMOTPeTb TOT culyyaH, Kor 
MO, 3HakOM 7 CTOHT BMecTO PyHKWMN u(x) BEKTOP-C(yHKUMA U= (Uj,..., Uph 


B HacTosuleH 3aMeTKe Mbl pacCcMaTpHBaeM 3aj,auy O MMHHMyMe (yu 
ILMOHauIa 
Oro \ whdQ, h€L(Q), (Bh 

Q 

WIA KOTOporO Kslacc JonycTHMbIxX dyHKuHH OD (mpesnomaraemplit Henycr ai 
onpefleeH ycoBHeM j(u)<( + co HM rpaHHuHbIMH ycuIoBHaAMH** 


an 


k R 
1 n 
Ox, ao x! 


=O = 0, 1. el — Ds (6 
E | 


PelmeHve STOH 3ayauH aHoO BO. 2. | 


* Kak mMHe mo6e3Ho coodmna M. A. Kpacnocesbcxuh, W. B. Pyruuxum mnoctpoen mpy 
Mep, OTMPaBJIAACh OT KOTOPOrO MO?KHO BUAETb, UYTO cCooTHOIeHHe (1) He BHINOHAeCTCA HH | 
OMHOM MpoctpaucTBe Opvmyua, onpefeseHHoM (dyHKyHel, MOMONHUTeMbHOM K MyHKIHH 
yhopjeTBopaiomen A?-ycopuio. Ilo nopogzy A*-ycnosua cm. (?). 

** OJHOPOAHOCTD TpaHHUHbIX YCJIOBHA He YMeHbINaeT OOULHOCTH. 
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Ecm ypapnenve Siimepa — JIarpanxxa wa cdbyuKkunonasa (2) umeer Buy 
Lips 9; (7) 
| BapWallMOHHOK safaue (5) — (6) oTBeyaeT ypaBHeHHe Siimepa — Jlarpamxa: 
Lu == ht We 


Tpawvunbimu yciopuamu (6). Pemenne BapWallvOHHOH sayaun (5) — (6) Ha- 
BeM OOOOLIEHHbIM pelueHveM 3afaun (7’) — (6). PaccmaTpuBaa ero Kak one- 
Top uw=u{h] Haq npaBoi uyacTbio ypaBHeHua (7’), MbIl ycTaHaBjuBaem 
mm. 3—5 orpaHwueHHOCTb H HeKOTOPble JOCTAaTOUHbIe YCIOBUA MOOT 
MpepbIBHOCTH 93TOrO OMepaTopa. 

* 

2. Teopema |. Kaxosa 601 nu 6olza dynkyua hELyN(Q), sadaua 
MUHUMYMe GYNKUUOHaAA jp(u) Umeem 6 Kaacce P eOuNCMeeHHOe pewenue. 
,Hoxasateapetso. B cuay ycnosuit (1), (3) u o606meHHOrO Hepa- 

- = . 
actTBa Témpyzepa (1) mpu duKcupopanHom hE Ly(Q) dyHKuvonan jp, (u) — 
spacTaiouni. C MOMOL[bIO TeOpeM BJIOXKeHHA HU TeOpeMbI O MouyHepepbiB- 
CTH, YCTaHOBJICHHBIX B padoTe (%) *, 3aKsOuaeM, U4TO jy(u) (0)-cma6o 
JIyHelipepbiBeH CHH3yY HM MMeeT KOHeCUHY!IO HMKHIOIO TpaHb Ha ®. Orcioga 
‘TeKaeT CYyUeCTBOBaHHe pelleHHaA u=u[A] 3amaumm (5)—(6). Ero eyun- 
3€HHOCTb CJleqyeT 43 ycuoBuA (4). 

l o 
Tlycrs FY? —npocrpancrso (byuKuuli, sce l-e o606mleHHEIe MpoMsBOLHEIe: 

* 
TOpbIX MpHHayexaT Ly (Q)**. Torgza mo6aa MuHHMM3Hpyloulad nocieqoOBa- 
l 

bHOCTb CXOJMTCA K peleHuio u[h] (0)-ca6o B FY, T. e. crapimme mpon3- 


Wuble cxoysTca (0)-ca6o B Ly (Q), a Maazumme—no HopMe Tex mpo- 
paHcTB OpviMua, B KOTOPbIX OHH COflepxKaTCaA MO TeOpeMaM BVIOXKeHHA. 

3. Teopema 2. u[h] ecmo oepanuuennolti onepamop (KaK onepamop us. 
(Q) @ FS). 

JlelicTBuTeJIbHO, B MpOTHBHOM cylyyae HaliqeTCA Taka MOCJeOBaTeJIb-- 
RTE hy € Ly(Q), ut0 |Aaly<A(n=1, 2,...), a | Unley = 4 Un] lew 
au n—>o. Tlyeta A, € Ly (Q) — Kaxoli-nn6yap (0)-ca6blit mpezem mocnezo- 
irembHoctu {h,} WU uUy=Uu[A,]. B cuny (1), jn, (Un) 0 IPH noo, 
Bunt, jn, (Uo) — fie (Uo) > jing (Un) — in, (Uy) > 00 pu n—>oo. C mpyroii 
DpOHb!, “3 pesyIbTaTOB padoTbI (?) culenyeT, UTO Uy & Ey (2) ***, nosTomy 


| (Uo) — jn, (Uo) = \ uo (Ay — hn) d@2— 0 npn n> oo. 


| Q 

/4. lemma. Ecau hy— hy (0)-caa6o, mo Un=U[hy) ABAReMCA MUHUMU- 
ipyroweti nocaedogamenbnocmo10 OAA YHKYUOHANA jn, (U). 

| Toxa3ateapcrTso. Tlyctb u,=u[h,]. U3 nepapencts 


Lin (tn) — fi (Ho) <J tt (Ptg — Fen) AQ, jt (140) — Ing (in) <\ thn Pin — fh) AO 
enyer oueHka 
Ling (ln) — fn (ta) |<] | (in — fg) ty 42] +] (ln — Ht) ten 2 


Q 


'ABOLAULaA K OleHKe 
ing tn) — fn a) |<] | hn to AD] + 2|[ (in — hg) und], (8) 
| Q Q 


'* O6nactb Q u rpanuny T cunTaem yAOBJIeTBOpAIONIHMH YCOBHAM STHX TCOPCM. 


** Tlo mopowy 9TOro mpocTpaHcTBa cM. Takxe (?). a: 
*® Uepes Ey (Q), Kak OObIUHO, O603HaueHO 3aMbIKaHHe Mo HOpme || ||, CoBokymHocTH 


| AHMYCHHBIX cpyHkuun. 
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nepBoe cylaraeMoe B MpaBoli YacTH KOTOPOM CTpeMMTCH K HyJIO pH 1— 
B custy Teopempl 2, || Un RO <A (n= 1, .27.:.). Ormpapnaice oT. pesy, 
M | 


TaTOB paOoTpl (*), MOXxXHO BHJeTb, YTO BCAKAA MOCMeMOBaTebHOCTb, OrpaH 
l | 
yennan B FY, KomnakTHa B Ey (Q). Ilycrb ua, > u' €Em(Q) upu k—4 


JlerKO MNORCUMTHIBAeTCH, UTO \ (my — As) Un, dQ 0 mpuk—-o 
Q | 
Vis (8) rorga caefqyeT, 4TO {Up,} — MMHMMMAMpylOllad NMOCIeLOBaTe/bHOC? 
win (pyHKuMoHaa jy,(U), Tak 4To u’ =u, (mM. 2). Orciwoga ye HeTpyl 
3aKIOUHTb, UTO H BCA MOCMeAOBATebHOCTh {Up} ABJIACTCH MMHMMUMSHpyiollls 
IIa PyHKUMOHaIA jp, (UL). 
V3 noKasaHHOl JIeMMbI M 3aMeyUaHHA B KOHIe I. 2 BbITeKaeT: | 
Teopema 3. Onepamop u[h] (0)-caado HenpepoleeH, Mm. @., ets 
* l 
hyn—hy (0)-caad0 B Ly (Q), mo Un— Uy (0)-cuabo B lave 
5. Teopema 4. ITycmo M(u) > |u|’, 


nO HopMe || ||, 


I 

ai (k) (s) (R) 2 
y sd, 00 Bhnts pl syrots Sp My D\| ERY a. Ry | (4 
very Ry Sy n 


(m, > 0 — nocmosnnan), 


@ Kaxcdoti mouke Kaacca © GbyHKyuonan j(u) umeem Ougddepenyuaa Ta 
U 6blINOAHEHOL OCHObHOLE Oonyiwenua n. 1. Ecau N'-d@yxxyua My,(u) pacm 
cywecmeenHo mednennee, vem M(u) *, mo onepamop u[h], paccmampue 


-F = 4 
Molli KaK onepamop us Ly(Q) 6 Fy,, nepeeodum ecakyto (0)-caabo cxoe 
UYIOCH NocazaedosameNbHOCMb 6 CXOOALUYIOCA NO HOpMe. 

Jjoka3aTembCTBO HETPyAHO MOJYYHTb, ONMHpanch Ha cseWyrollNe coospax 


i 1 

Hus: B cumty (4’), a D' > m0 HOpMe mpoctpaHcTBa Lz, a 3Haut 
1 

H MO Mepe; KpoMe Toro, HOpMpI {| Bere lu} (2= 1, 2,...) paBHomepHo orf 

HU YeHbI (OOO3HAYCHHA Te 2Ke, YTO HW B nn. 3, 4); HaKOHel, BepHa JeMMa TI. 


JlenuurpascKul rocyfapcTBeHHBIt mesaroruuecKHli MHCTHTYT Tloerymusto 
um. A. VW. Tepuena 16 I 1958 


HMTHPOBAHHAA JIMTEPATYPA 


*M.A.Kpacnoceapcekuit, A.B.Pytuuxk nu it, Tp. cemunapa no byHKuMonam 
aHamu3y, Boponeack. roc. yHus., B. | (1956). *M. A. Kpacuoceanbscekulk, SF. 
Pytuukuh, JAH, 89, 4 (1953) %H.B.leapbman, JAH, 119, Ne 4 (1958). | 


* T. e. M(u) 7 My (Au) > +00 tpn u—> + 00, KakoBo Obl HU 6ObINO UNCHO Ad. 
456 


Lornage Akayemun nayx CCCP 
1958. Tom 120, Ne 3 


MATEMATHKA 


Akxangemuk AH ApmCCP M. M. JDKPBALIAH u A. E. ABETHCAH 


MHTEFPAJIBHOE MPEACTABJIEHHE HEKOTOPbIX KJIACCOB 
®YHKUWMH, AHAJIMTHYUECKUX B OBJIACTH YIJIA 


B paG6ore (') 6bWIM NOyeHbI HHTerpabHble MpescraBMeHuA JIA WeMbIX 
|HKUMi KOHEYHOFO NOpAAKa HW HOPMaJIbHOTO THMa, HHTerpHPYeMbIX B KBaspate 
(AyIAt MO OMpeseseHHbIM CHCTeMaM JIYUeH KOMIVI€KCHOH MlocKocTu. Teopua 
lOObIX HHTerpaJIbHbIX MpeocOpas0BaHHl, NocTpoeHHas B pa6ore (*), NOsBOMMIA 
aHOBUTb, UTO 3TH MpeACTAaBJICHHA ABJIAIOTCA MapaMeTPHYeCKUMH, aHasOrHyHO 
iBecTHOH Teopeme Ilanea u Buuepa (*) 0 Wembix (PyHKUWAX 9KCMOHECHIMaJIbHOrO 
ma, Wpuvaqexawux K L2(— 00,0). 
| B nacrosmeli 3ameTKe IPHBOAATCA (POPMYJHPOBKH PAZa HOBMIX Pe3yJIbTATOB 
| MHTerpaJIbHOM IIpeACTaBJICHHH PasJIMYHbIX KaCCOB PYHKIUMU, ahasMTHYeCKUX 
pOvlacTH yrvia; Ip 3TOM STH MpelcTaBeHHA MPH W3BeCTHbIX YCOBUAX ABIA- 
(ca Tak2%Ke MapaMeTpwyeCckUMH. 
| Jloka3aTesbCTBa MPHBOAMMbIX HHKe TEOPeM MOMYUalOTCA MeTOaMH, OJIH3KH- 
) K TeM, KOTOPble ObLIH pasBUTbI B padortax (, *). 
11°. Hmxe aaa qannpix 86 (—~r<9<r) uy >O0 B pa3pesaHHOH mo sy4y 
3zg—-t+« mmockoctu z OyyeT paccMoTpeHa Ta BeTBb (yHkuMu (ze—’®)*, 
TOpan IIPHHHMaeT BeHICCTBEHHbIC HW MOJOMKUTeIbHbIE 3HAYeHHA Ha syue 
oz — f). 
| na yaunpx 8 (—r<4<xn), >1/, uw o>0 o6o3HauuM pes 
(6, p, ¢) OmHocBAsHy!O OOJIaCTb, Sean aya argz=0 (jz|>o’)n 
tomecTBo ToueK Re (ze~?®)° > ¢. ObearaneM jlanee uepes D.(p, s) cyMMy 
Pex oGulacTeli Buna D (6, 9, s) upu |§|<-—a (O<a< 2), a uepes L, (sc) 


)O3SHAUHM ee paHMily. 
Peopenta 1. Iycme qdynkyun f(z) eoaomopua 6 yene A, 


arg z|< = 5%), O<a<c2, u Nenpepolena 6 3AMKHYMOM Yee A,, 3a UCKAIO- 


‘HUeM, “aon ee 6ecKoHe4HO YOareHHol mouku. ITycmbe, Kpome moeo, 
‘mom ce yeae f(z) umeem nopsOoK pocma He 6ollue, Yem py >9, U mun 
» enue, uem o > 0. Toeda yHKyua 


g(2) = eae ca eee tue dt, (1) 
0 


e 0 > max {p1, (fag) | 5 KS a gus <e <F%, eosomMOpqHa 60 
‘ei o6nacmu D.,(p, 3) u npu ze A, hoe tare uHmeepanbHoe npedcmas- 
2HUE 


Fy= | Eos wea, (2) 


L4(6+4) 
ms>0, Ee w)= Ter no—)\~12" — yeaaa gynkyua muna Mum- 


n=0 
1ae-Jlepaepa, a unmeepan 6 (2) cxooumcsa abcoAtomHo. 
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Orcioma cilekyeT TakOli pesy/IbTaT 00 alNpOKCHMALlMH IeJIbIMH (byHKUHA 
Cnencrsue 1. Ecm cbyuxuua f(z) yAoBieTBopaxeT yCOBHAM TCO | 
mal 1, TO Wesbie (yYHKUMM NopAyKa o> max {p, (2— @) ‘\ wm Tuma <i} 
ompeemsemble 10 Popmyvie = || 
L@= "| Bowed, 1 
Ly(o+6, A) 
rye via qanHoro A>>coc+8 L,(¢+6, A) o3HayaeT KyCOK Kpusot L.(o +4 
jlexkallleH B Kpyre re paBHOMepHO cxO,aTca K f(z) B sMOOOH 3aMK 
Tol uactu A,, Korya A — oo. 
OrmetuM, uTo u3 Teopembl 1, B YaCTHOCTH, korjla Oca<l, »p=p >| 
nloyuum Teopemy Maxkuuralipa (*), nomyyaemy!lo UM MeTOAOM, WIA KOTOPO! 
9TH MpesNOOxKeHHA CYULeCTBCHHEI. 
2°. Ornecem kK kuiaccy M,(«, a) (O<a<2, —lcoct 1) byHKuH 
rojomopiuble B yruie A, (0<(“#<2) M yMoBNeTBOpAIoNIHe YCJOBUAM- | 
a) dynkuua f(z) MOUTH BCIOAY WMeeT KOHEYHBIe MpejeJIbHble 3HaueHt 
nga 3 j 


tlre” ®"); 


6) cymlecTByIOT HM paBHOMepHO OrpaHHueHbl WHTerpaJbl 


VIF (re) Predr<M< +o, lol< ze ( 
0 / 

rue M He 3aBUCHT OT 9. 
Teopema 2. 1) Ecau f(z) € Mz(«, w), mo daa «106020 o> (2—a) 


= pre cnpabedlueo uUnMeepadAbHoe Npedcmasrenue 


as ©0 tH ea DNS 
plrren) ta Ziel, fp Deke Cre) a p+ 1 oe 6) tal 


0 


d Ay Te <i (a+ -\= 
+ — (r* (E. (7? ef Patle une pet MOLL, te) tae ( 
0 


OAL BCE lel<+«, 20e 1x) (t) EL (0, 00). pu amom dan |o| = > 
pasencméo (5) umeem mecmo noumu ecrwody na (0, +00), a Ona z€ Ay eF 
MONCHO 3anucamb 6 Bude | 
1 tT 1 

Ae oie | 


f (2) =\B, (ze 75 ph Oy (t) ht de + | 


2a fy 2 Ve. 
$B, (ce OPP) FoF uy aay (yah ae ( 


20e uNMmeepanbl Cnpaea cxodAmMcA abcoAoOmMHAO. 

2) Ecau dynkyua f (z) onpedenena no dopmyaze (5), 2de v(=)(t) € Le (0, +00) 
a napamempol 0, %, ©, W UMeIOmM NperHue BHALeHUA, MO OHA eO0AOMOPD—H 
6 A, u npunadaescum K Kaaccy M,(«, ). 

Orcioqa, B YaCTHOCTH, BbITeKaeT CJleqcTBHe 2, MpeycTaBAroulee coo 
u3BecTHyIO Teopemy Ilanea u Bunepa (*), HO C HeCKOJIbKO MHbIM ompe 
leleHHeM Kslacca MpeAcTaBHMbIx (yHKUMi. 

Cnencetspue 2. Pyxkunu Kaacca M,(1, 0) mpencrapasiotca B maps 


ME€TPHUeCKOM Bre 
fo) 


f (2) silent (2) de, ( 
0 
rye v (t) —mpoussonbuad (byHkuua u3 Kmacca L,(0, ov). 
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M3 teopempt 2 cenyer takoii pe3syJIbTaT OO allNpoKcuMalluMn IWesbIMu 
THKIAMH: 


| Teopema 3. ITycmp f(z) € My (a, ©) u yeavle dynkyuu |, (z) nopadKa 


=i 
Bolle, WM p>(2—a), u muna He Bole, YemM co, oONpedeasntomcaA no 
ipmy re 


ahr Subare srr 
fo(2) =\ E, (ze es wh ocy (a) PoE de 
0 


( en cue pe 
as ees {ze TES BOG) (4) de, (8) 
0 


e@ noumu ecwody na (0, + o) 


Fi= (1p) 
ag" 
Ur) (t) = 


(9) 


ES 
oc 3g 
is) 
= 
—h 
— 
~ 
lav) 
~~ 
~ 
4 
| 
ay 
Q. 
~~ 


2 


Tozda yeavle dynkyuu f(z) npu c—>-+ 00 cxodamca «K | (z) 6 cpeduem 
A0omy AYLY 6 CMbICAe 


co 


lim \ | F (re”*) — fe (re’*) Predr =0, lgl<, ) (10) 
o+ +00 
0 


cxodsmca paeHomepno K f (2) 6 atwbott 3amKHymou 4uacmu Ax. 

m-eOrnecem K Kglacey. Mo («,.0;.P, %) (0 <4 <4g23-— L< w<a o> 0) 

HkKuuu f(z), rouomopduble B OOsacTu yrma A, M YOBMeTBOpPAIONINe ycuo- 

SIM: 

a) f(z) uMeeT nopaZoK pocta He Bbille, 4em p> max {a ", (2—a)"}, 

TMI He BbIe, YeEM 9,, a Ha TpanHuue A, UMeeT NOUTH BCIOMY KOHEUHHIe 
Py lee 

efleIbHbIe 3HaueHusa f (re * ); 

6) cyllecTBy!OT H paBHOMepHO OrpaHwueHbl WHTerpaJbl 


(fers) Predr < M<+00 (3 <lel|<+ 4). (11) 


0 


Teopema 4. 1) Ecau f(z) €No(%, ©, p, %9) u Henpepolena 6 oKpecminociny 
= (0, mo cnpaéeednuso npedemaenenile 


a ef) ee Batley (rretere sal Abe oF Toy (0) Pad} + 
0 


fos) if 
+b lee rretere a az, sob Loc) (9) dey 


dr 
0 
ees 0 
PAVE, (reas Bhp (ey eotde (12 
0 
u acex |o|< a, 2¢ pw =A FEE , v(4(0) € L2(0, +00), 9 (2) EL 2(0, &0)s 
4 9mom, Ko2da |o| = S a, paseucmeo (12) umeem mecmo noumu OAA 6cex Fr 
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(O<r<+o), a npu z@A, e20 moocHo sanucamb npotwe: 


eo EN Ch aa * 
RCL MV A Cac egealaitera icles igi te 
0 
SZ ie A eu, So sls 
Fe hogy yet tds | Bolzr? su) o(e) ets ( 


0 


20e nepevle 06a uNmMeepara Cnpaba abcoAfomHo CXOOAMCA. 

2) Ecau gyxxyun f(z) onpederena pasercmeom (12), 20e +) (7 
EL,(0, 0), p(t)EL2(0, 5), mo ona eonomopdua 6 Ay, umeem nopac 
He Bolle, 4em p> max{a *; (2—a)""}, u mun ne Bole, 4eM oy, UY 
eaeméeopnem ycaoeunm (11). 

Orctoqa BbITeKaeT TakxKe cyleqyioulad TeopeMa almpokcuMallMH. 

Teopema 5. ITIycmo f (z)E Nz (a, , 9, 6) u yenoie mynkyuu fo(Z) | 
pAaAOKa <p u muna ne éevllue o = max {sy, 9} ONpedensniomca no popmyAé 


° Ges a 
fa(z) =\ Be (ze" O73 uw) omy (t) tide + 

i! 

e 


14 6, 1 
a1 ; £ («+ ) pea 


+\ Bo (2? 7S hoy) tde + VE, (20? wh p(s) Md, (| 
0 0 


20e MYHKYUU 0,4) (t) Onpedenstomca no (9) u 


+ 1 
= = Cc 
5 (I—p.) 


1 , 7 
d tots AS a 
et Ge een 


oO 


sew 


5 1 
e d Ce f_ 4 a 8 Sem Wed 
ae e\ alte i er 
0 


Toeda yeaoie dbynkyuu f,(z) cxodamca 6 cpeduem K f(z) 6 CmoIcae 


lim || F (ret) — fa (rel) Pr dr = 0 


o> © 


wT v 
OANA 6Cex Ipi<z% u cxodsmca pasHomepHo K f(z) 6 awboti samKHy 
wacmu A,. 


Tloctynusio 
10 Il 195 


UMTMPOBAHHAS JIATEPATYPA 
*M.M. [x p 6 au aH, Matem. c6opu., 33 (75), 3, 485 (1953). *M.M.xp6a um} 
M3. AH CCCP, cep. matem., 19,133 (1955). %R.Pale y, N. Wiener, Fourier Transfa 


in the Complex Domain, N. Y., 1934. 4A.J.Macintyre, Proc. London Math. Soc.,| 
45, 1 (1938). 


460 


Hoxnayp Akaygemuu nayrx CCCP 
1958. Tom 120, Ne 3 


MATEMATHKA 


r. E. KY3MAK 


ACHMMNTOTHYECKHE PEWEHHS YPABHEHHSA JBYDKEHUA 
HEJIMHEHHOM KOJIEBATEJIbHOM CHCTEMBI C OHO CTENMEHbIO 
| CBOBOJibI C MEJVJIEHHO H3MEHSIOWMMHCA NMAPAMETPAMM 


(I1pedcmaeaexo akademuxom A. A. Jlopodnuyonvim 16 I 1958) 


B HacToamel paOoTre paccMaTpHBaeTca ypaBHenne 


qd? 
Get hoy get Fle 0) (1) 


@ ¢—MaJIbIM Mapametp, + = +f — MeqIeHHOe BpeMA. ITO ypaBHeHHe MOXKHO 
ATEPMpeTHPOBaTb KaK YPaBHeHHe ABYXKeHHA MaTepvaJIbHOH TOUKU C MAaccoH, 
MBHOW CMe, MO BO3,eHCTBHEM OCHOBHOH cHuIbl — F (t, y) uw Maso juc- 


if F dt a 
WaTHBHOU CHJIbl —=€& (x, y) a. Llewtbic NAOOTHI ABJIACTCH BbIYHCJICHHE BbI- 


OKeHHH, IPWPOMHbIX MWA MCCIeMOBaHHA pelieHHA ypaBHeHua (1) c omwMOKOn 
paaka ¢ nph O<t<v7/e. IIpeqnomaraetcs, uTo pewieHve ypaBHeHus (1) 
eeT KOJeOaTeJIbHbIH XapaKTep. 

JAH pelueHHuH JaHHOH 3afayH B paOoTe WCHOb3syeTCH MeTOX «2TAJIOHHbIX» 
jaBHenult (1,"). CyTb 3Toro MeTOJa COCTOHT B TOM, 4TO pelleHve JaHHOTO 
WBHEHUA BbIpaKaeTcA yepes pPelleHHe HeEKOTOPOTO aHaJIOrMYHOrO ypaBHeHHA 
‘S9TaJIOHHOrO» ypaBHeHHA), KOTOPOe OOJlayaeT BCeMH OCOGeHHOCTAMH JaHHOrO 
paBHeHua. B paccMaTpHBaeMoM culydae B KayecTBe «2TaJIOHHOrOy BbIOMpaeTCA 
paBHeHue 


g(x) SH 4 F(x, yo) =0, (2) 


qe 9(t)— nponspo.ibHan dyHkuuaA. B 9TOM ypaBHeHHM NMepeMeHHbIe t HU @ 
ACCMATPHBalOTCA Kak HesaBucumble. IIpennomaraetca, uTO 9TO ypaBHeHHe 
MeeT CeMeHCTBO Mepvoxuyeckux M10 © pemeHun. O6nree ero pellieHHe 3aBHCHT 
T TpeX Mpov3sBombHBIx (byHKUMH A(t), Q(t) w P(t). Onna us stux pyHKunli 
BUIACTCA ALIUTMBHOH K apryMeHTy ©; Jia oOnpeeseHHOcTH OyeM MovJlaraTh, 
TO 9TO dyuKunA 2 (c). 

V3 o6uux Teopem O 3aBMCHMOCTH pellieHui AuddpepeHMaJIbHbIX ypaBHeHu 
T Mapamerpa CJlefyeT, 4TO CCIM B BbIPAKeHHU IA Yo(t, ) BbIPAsHTb TU w 
epes ¢ C MOMOLIbIO COOTHOLMIeHHK 


d d p 
ae a =O) (3) 


oO Tomyuaiomlaica TakuM OOpa3som (pyHkiuuA ¢ OyeT OTMMYATHCA OT pellleHuAa 
papuenua (1) Ha BeqHYMHbI NOpayKa ¢ Ha KaKOM HHTepBasle BPeMeHH M0- 
qika equuuub. Jima Toro uTOObl 9Ta PyHKMMA Oblvia MpHroyHa JIA uCccue- 
OBAHHA pellenua ypaBHenua (1) mp O<t<%}/e, HeOOXO2MMO COOTBET- 
TBYIOUMM OOPa30M OMpeeIMTb MPOWSBOVIbHbIC (py HKLM A(t), Q(t) uw (ct). 
’ 5Tol IembIO BBeeM B paccMoTpeHHe cbyHKWuIO y (¢) 


y (t) = Yo (t, ©) + ey: (, ©). (4) 
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3ylecb t H © BbIPaKeHbI Yepes f C MOMOLIbIO sae (3). Sametun, | 

T) max 9 (T | 
Kora 0O< P< m/e, TOOK tC UO OS eee <0 B HaJbH} 
lem OyfeM mpennonaratb, 4uTo dyHKunu f(t, y) u F(t, y) onpeseseHbl: 
MMeIOT OCTaTOUHOe YMCIO OFpaHHYeHHbIX MPOW3BOLHBIX NO tT HM NO y I 
0O<t<%w% u O<|y|<w (w—nekoTopaa KoucrauTa). TloqcTaBaaa Bblj 
*eHve (4) B ypaBHeHve (1) Hu nOmb3syacb (3), NoTyYHM 


2 2 Q2 
9” (*) ny + F(t, Yo) +¢ \ (z) ch + Fy (ts Yo) Yr + 29 (*) <8 oF 


@2 
a Ci grtly 
HIP OF woe} +e%A(, =, SAH, ela 0 


(eal ONT), 


SameTuM, uTo Kospbi(uuWeHT Mpu ©? (BEIPaxKeHMe JIA Hero JIerKO BBIIIMCa4 
apeqctapiseT coOoH mph OCe<e, CyHkuMio, OrpaHHyeHHy!O Mpu orpak 
YeHHbIX 3HaYeCHHAX e€FO apryMeHTOB *. | 

Unenbl nopayKa €{HHALbI B 9TOM YpaBHeHHH KOMMeEHCHPy!OTCA MOJHOCT 
B CHuIly BbIGOpa «3TaJIOHHOTO» ypaBHeHuA. UveHbl MopsyKa ¢ CKOMMeHCUp 
C NOMOUIbIO BbIGOpa dbyHKuuN y,. Jaa sTOrO ee, OYeBHAHO, HEOOXOJMMO ON 
JeMTb W3 ypaBHeHHA 


92 (2) TH Fy (eyo) dn = — 20 (0) SH — o' (+ E(w wo) eI 


1 


| 


B 9TOM ypaBHeHMu, TaK 2%Ke KaK uM B (2), MepeMeHHbIe t H @ He3ABHCHMBI. | 
BesencTBHe Toro, ¥TO dyHKuHA Oy, /Ow ABMIAeCTCH YAaCTHBIM peLlleHy 
OfHOpOAHOrO ypaBHeHuaA B (6), BbIPamwkeHHe WIA CYHKUMM Y, JIerKO BBIMMCa 
OTHOCHTeIbHO WIeHOB NWopasKa ©” OyeM TpeOoBaTb, 4TOOL! Koay 
pH ¢? Ob Obl orpaHnueH npu O<t<v+,/e. Bcuay cyesaHHbIx BBIILe 3a! 
yaHH Id STOFO JOCTaTOUHO, 4YTOObI (PyHKUHH y,(t, ®) H y,(t, ®) BMe 
C MX MpOH3BOAHbIMA JO BTOpOrO NMOpAKa BKJIOUMTeIbHO ObIIH OrpaHuue 
mpu OSt<t% UH OKw< oo. TlocmenHee OyfeT UMeTb MeCTO IPH ycJIOBHs 
A)“ (t) 0 > 07 6) oy; (4,0) = yo Ps) (= 172); ame Tso nensanam 
Orc 
B camom jeule, NpH yCJIOBMM a) H3 TeOpeMbI O cyllecTBOBaHHH Mu Aude: 
PeHIMpyeMOCTH pellleHHH AuPepenwMabHbIX YpaBHeHHH cvleqyeT, YTO peli 
HUA ypaBHeHHit (2) vw (6) BMecTe c MX TMepBbIMH H BTOPbIMM NPOW3SBOAHbin 
No tH HO @ orpaHHyeHst pH OKVtC%| UOKCMKCT., ecM TOMbKO cbyHi 
WMA —(t) WBaxAbt Tudpepennupyema. Juddepenupyemoctb xe (byHKuH of 
clleqyeT 43 cooTHOUeHHA (7), KOTOPOe yKa3aHO HuxKe. BcseycrBue Toro, f 
Mepvoy PyHKUHM y,(t, ®) He 3aBHCHT OT 7, BCe UX MpPOW3BOLHbIe 10 t HU 0) 
MepHOAMYHbI M0 © C TEM Xe Mepvofzom. I[losromy u3 orpaHHyeHHOcTU dbyH 
WH Y;(t,@) M MX MpomsBoqubix nph OStKy U OKNwO<T, cuenyt 
OrpaHHYeHHOCTh UX mph Oty U OK W< ow. | 
Ycuopue 6) NosBoNAeT ciPopMysIMpoBaTb ycnOBUA WIA ONpexeneHusA mp 
USBOJIbHBIX (PyHKWMH A(z), Q(t) uw et). YVenoBuem Aaa onpenenenua PpyHKuT 
A(t) aABAAeTcA OOecieyeHe He3aBHCHMOCTH OT 7 NepHoya dyHKuNM Yy (t, 4 
no . M3 sToro ycnoBun byHkiuaA A(t) B KaxKOM KOHKPeTHOM cstydae nery 
MOXKeT ObITb ompemeteHa. YcnOBuA a Onpenenenua byHKunti Q(z) u of 
oOecneyMBaloT NMepvwoquYHOCTD yy (t, @) MO © HM MOuyualoTca B pesyuIbTa’ 
MCCI€ROBaHMA BbIPAKeHUA JIA STOM CYHKIUMH. OTH yCOBHA MMeIOT BY 
a2 a2 
d 2 \2 

2)=0 Ele) eo] +o@[ re y) (Wy do=0. Gf 
: ay a | 

Shech dy Mi dy — NOCMeOBATeMbHBIE Hy ipousBogHoli OY, / Ow. 


OYo 
dw ~ 


* B wactosuyeli pa6ore, Korga roBoputca 06 OrpaHHYeHHOCTH KakoH-1HO0 byHKUHH, 1 
NOAPasyMeBaeTca, YTO 9Ta PyHKUMA OTpaHHueHa KOHCTAHTOM, He 3aBHCAMel oT «. | 
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/ C NoMomlbIo yKa3aHHblx ycuOBuli MPOHSBOJIbHbIe (PyHkunM A(t), Q(t) u -—() 
JIHOSHAYHO olpejenmotes. M3 sTux ycnopuit HavGonee cytecTBeHHbIM sB- 
feTCA BTopoe U3 ycuIOBMH (7). Ono npeycraBseT coGoli nucbpepenttuanbHoe 


potHomenne. B cnyuae, Korya f(t, y)=f (ct), ono WHTerpupyetTcaA WM MOXKeT 
ITb 3anvcaHo B BYE 


oto 


2 Tv 


(Ge) do = D exp[— (Ff (=) dr]. (8) 


1 Te 


necb D — npouspombHaa nocrosnaan 

PesiomupyeM M3102KeHHOe B BHe cenyrouleli TEOPeMEI. 

Teopema. Ecau: npu0<r<y u O<\y|\<w dynxyuu f(t, y) u 
(*, y) Oocmamouno eaadKue; «amanonHoey YpasHenue npu 0 KtK ty umeem 
2puoduueckoe NO w pellenue C nepuodom, Ne saéBUucsiUUm om 7; NPOusée0b- 
we ynkyuu Q(t) u o(t) onpedeneHot us ycaceuti (7), npuwem mak, umo 
uU0NTK% O(t) > 8 >0, mo dyxkyua 


v(t) = yo[et,\o (et) dt] + eus[et, | @ (ed) ae] (9) 


Josnemeopsem ypaenenuto (1) npud<t<~u/e u O<e<e, C mounocmoro 
2 “NEHOS NOpACKA ¢?. 

B culy Toro, 4To wien nopszKa ¢ B (9) mpeyctaBaeT co6ol HeGombUTyI0 
eOUOMLyIoca NOMpaBKy K TvlaBHOMY WIeHy, ero OObINHO MOXHO He YUUTHI- 
Tb. Tlostomy ACHMITOTHYeCKHe (POPMywbI AIA pelueHna ypaBHeHnt (1) u ero 
OH3BOJHOH MMeIOT BUT 


w=); (FP) =e, (10) 


\ 


t 
t= ef; o) =O, + \ 9 (et) dt; wy) — NpovsBojbHaa noctosHHaa. V3 pasen- 


to 
Ba Yo(t, ©) =Y)(t,®+T7.) caeqyeT, 4YTO MrHOBeHHIi Nepvox KoneOaHna 
‘() cBa3aH c (byHkuMeH (ct) c NoMombIo dopmymt T(t) = T./9(t), TaK 
TO (PYHKUNA ©(t) ABJACTCH MPHOBeHHOM YacTOTOH KOvIeOaHHit. 
- C momompro acummtTotTuyeckux dopmya (10) HetpyqHOo jaTb cbusnueckyr1o 
uTepmperaltuto ycsiopua (7) WA ONpexentenua dbyHKuMH (ct). Oxa3piBaetca, 
TO IlepBbiIi uieH B (7) TipefscTaBsIAeT COOOH CKOpPOCTb M3MeHeHHA MmpousBese- 
Us MPHOBCHHOTO Mepvoya KONeGaHHA Ha cpesuee 3a MepHox 3HaueHMe KMHETH- 
ECKOM SHeEPrHH CHCTeMbI, JBY2KeHHe KOTOPOH onMcbIBaeTcA ypaBHenuem (1), 
BTOpOH usleH MpescTaBiaeT coOoH MmponsBefeHve MrHOBeHHOrO Mepvoma Ha 
pefHee 3HayeHHe jluccHnaTHBHOoH dbynHKunv. B cmyuae, Korna f(t, y) = 0, 
pOv3BeeHHe MrHOBeCHHOTO MepHoa Ha cpefsHee 3HayeHHe KMHETHYeCKOM ZHEp- 
AM TIOCTOAHHO. ITOT pe3yJbTaT W3BeCTeH B TeOpHu alMaOaTH4UeCKHX HHBAa- 
MaHTOB (?). 
OctTaHOBUMCA jlasiee KpaTKO Ha ypaBHeHHu 


d*y dy 2 ees 

Yt of (c, y) Hb ay () + a1 (s) yy +2 (st) y®+ay(c)y>=0. (11) 
‘akoe ypaBHeHve uacTo BCTpeyaeTCA B NpHiowKeHHaAx. ACMHMNTOTHYeCKHe pellle- 
HA B STOM Culyuae BbiparKaloTcsH uepes dsMNTHYecKMe (byHKItMH S1KOOH. 
eleHHe «3TAJIOHHOrO» ypaBHeHHA CJleyeT UCKaTb B OHO M3 (OpM 


a (t) (7, ©) + B (t) __ «(t) 07 (t, @)-+B (7) 
Yo (t, o) = eae wo)--4 2? Yo (t, ©) = y(t)o2(t,@) +1 ° (12) 


Jlecb nox, o(t, @) No_pasyMeBaetca mo6aa us bynKuni sn [K (y(t) oF (Gols 
n[K (v(t)) @, v(t)]; dn [K (v(t)) ©, ¥(<)] (K (¥) — nose auimnTHyecKHH MHTe- 
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rpasl MepBoro pola; vy — KBagpaT Mofysa). PyHKWuA A(t), KOTOPad B anu} 
clyyae ABIACTCA KOS(PPHIMEHTOM IPH w, BbIOPpaHa TaK, YTO NO w PyHKIMH ( 
WMeIOT MepvoO, He 3aBHcaMMH oT t, a HMeHHO 7, = 4. COooTHOeHHA i 
onpeyesenna (pyHkuM « (t), 8 (t), y(t) HM y(t) MOuyYaloTcA B pesyJIbTaTe Ma 
CTaHOBKH BbIpaxkeHHl (12) B «aTaOHHOe» ypaBHeHHe MW NpWpaBHuBaHua Hy 
KOPPUIMeEHTOB MPH pasJIMYHbIX CTeMeHAX (pyHKUM o (t, ). COOTHOLMeHHe J 
OMpeesleHHA MIHOBeEHHOM YaCTOTbI NMosyyaeTcA M3 paBeHcTBa (7). Oco6e 
mpoctple (bopMyJibl NoyyaloTcA B cayyatx, Kora MOO a, (t)= a, (t) = 
60 a;(t)=0. B meppom cuyyae pelleHve «9TaJIOHHOrO» ypaBHeHHA cJlely 
HcKaTb B MepBol u3 (opm (12) npn y(t)==B8 (t)=0, a BO BTOpOM culy4ae} 
BO BTOpoH M3 (dbopm (12) npu y(t)=0. 
B Tex cmyuaix, Korjla pellieHve «3TaJIOHHOTO» ypaBHeHHA He MOxeT Obb 
BbIPawKeHO Yepes cCIelMaJIbHble (pyHKI[HH, €fO MOXKHO MCKaTb C MOMOLLbIO N 
Ttona By6nosa — lanepkuna. 
VUccnemopaHue acuMMTOTHYeCcKOrO NOBeeHHA peleHHA ypaBHeHul (1) cu 
KUO TakxKe mpeqMetom pa6ot (*°%). C TOUKH 3peHHA NOCTaHOBKH 3a] 
pa6ota (*) Omu3ka K jjaHHOH paOoTe. B pa6ote (*) TakKxe cTaBHTCA 3az2 
O HelocpecTBeEHHOM BbIUMCJICHHH ACHMNTOTHYeCKUNX PellleHHH, OHAKO COOTH 
IeHHA jlJIA ONpPeAeJIeEHHA MPOWSBOJIbHBIX (PYHKUMH, MOJyYeHHbIe B padoTe 
CJIOKHee COOTHOWEHMH, MOJIYYeHHbIX BHIILe. 
B otsmmune oT padore! (*) uM HacTosujeH paOoTb, B paOotax (°°) 3ana 
O HenMOcpeACTBCHHOM ONpeesJIeHHH ACHMMTOTHYECKMX pelIeHHH He CTaBUTC 
Ilembio pador (°°) apaseTca ompememeHne pawl, Mey KOTOpbIMH KOE 
JeTCA pellleHve, WM onpefesieHve MIHOBeHHOrO epHoya Kosle6aHHii, mpH4d 
onpemeseHHe STMX BeJMUMH MpOM3BOLMTCA HemocpeACTBeHHO uepes (byHK 
f(t, y) wu F(s, y), Bxogstmue B ypapHenue (1). Tako noyxox yo6eH B F 
cilyuaax, KOrla pellieHHe «9TaJIOHHOrOy ypaBHeHHA HeJIb3A MpelcTaBUTb BN 
cToH (bopMe. OmHako B TeX CJy4YaHX, Kora pellieHve «2TaOHHOrOy ypaBHe 
yWaeTCA BbIPasHTb Yepes ClelMabuble (PyHKIMH, MeTOA WaHHOH paOoTbl uMe 
ONpeeJIeHHble MpeHMyllecTBa, Tak KaK MO8BOJIAeT OONIee NOHO CYAUTb O A 
BeJlCHHM PelleHHA HM eFO MPOM3BOAHDIX. 


3 ; OF 
Kpome toro, orpaHuyenua sign F(t, y) =signy u ef (0, HaslowKes 
y=0 
Hble Ha (byHkumio F(t, y) B paOote (°), HcKMOUAIOT M3 paccMOTpeHUA pal cal 
YaeB, KOTOPble MOryT ObITb PaCCMOTPeHbI C MOMOLILIO MeTOa aHHO padoTy 


Tloctynuat0o 
1011958 
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Aoxrgage Akagemun nayx CCCP 
1958. Tom 120, Ni 3 


MATEMATHKA 


Akanemuk AH YsCCP T. A. CAPbIMCAKOB 
O HEOXHOPOJIHbIX LWENMAX MAPKOBA 


1. [IpH uccneqopaHun Heo,HOposHDIx mene MapKosa, ynpaBsaembIx mMocve- 
BaTeJIbHOCTbIO BepOATHOCTeH mepexoya {P,(x, G)}, Ha d@yHKunn Py, (x, B) 
petb OyfeM HasbiIBaTb HX CTOXacTHYeCKHMU (pyHKUMAMM) HakJlaqbIBaloT Te 
(M WHbIe OrpaHwueHuaA *. Sayaya cocTOHT B TOM, 4TOObI BbIOOP ITHX OFpaHH- 
Hu He OblJI CJIMLIKOM CHJIbHbIM. BMecTre c TeM MOUTH BO BCex paOoTax M0 
FOWHOpOMHDIM wWensM MapkoBa orpaHHueHvua Ha cTOXacTMyecKHe (byHKILMH 
a(x, ©) TakoBbl, 4TO JA HX BBINOMHAeTCA Culemyrollee TpeOoBaHHe: 

) (R). Nycrs P(x, GS) — croxacruyeckaa cbyHkHa, onpefzemennad B OO6slacTHu 
‘, Fy), 4 nycTb A — Mpou3BOIbHOe MHOXKECTBO, MpHHaiexatee cucteme Fy. 
CyujecTByeT uHc0 Ap>>0, He 3aBucsauiee oT BbIGopa A, TaKOe, 4TO BBI- 
JHACTCAH XOTA Obl OHO M3 ABYX HepaBeHCTB: 


nM sup P (x, A)<1—dAp, (1) 
xEX 

WJ sup (x, Y\ A) <1 —dDp. (2) 
xEX 


XOPOLIO H3BeECTHOe OKAa3aTEJIbCTBO 3profuyecKOl Teopembl (1) JIA HeOWHO- 
WHBIX Were Mapkospa Cc KOHeYHbIM UHCJIOM COCTOAHMH (B 9TOM CJlyuae B Ka- 
2CTBE MOCJIeOBaTeJIbHOCTH CTOXacTH4ecKUX (yHKUHH {Pp (x, G)} paccmarpu- 
JOT CTOXaCTHYeCKHe MaTpHub!l (°)) TpeOyeT, U4TOObI B NOCeqOBaTe/IbHOCTH 
fOXACTHYeCKUX MaTPHI, yipaBssiomux wenblo MapKopa, Kaxkjlad MaTpulta 
Weprala XOTA Obl OMMH CTONOeM, COCTOALIMH CIVJIOWb M3 MOJIOXKUTEJIbHbIX 
M€MEHTOB, OF PaHH4eHHbIX CHH3y CBOMM ucJIOM. J\IA TaKHX MaTpHIL ycuIOBue 
<) BbINOJHAeTCA OYCBHHbIM OOpa30M. 

B padotax E. B. Jipmxuna (2) u P. JI. Jo6pymmuua (3) paccmatpupaiorce 
roxacTuyeckue dyHKyHH P, yOBJIeETBOpAIOWIMe yCJIOBHIO 


(D) sup |P (x, A)—P(y, A)|=1—Ap (p>); 
xEX, yEx 
AGFy 


ACJIO Ap HasbIBaeTCH KOIPMPUUNEHTOM IPrOAHYHOCTH CTOXACTH- 
eckKoH DyHKUWHH P. 

B 3TOM cslyyae cnpaBeIMBbI CJleAyIOUMe MpeLo*KeHUsA: 

Jlemma 1. Ecau 0aa cmoxacmuueckott @ynkyuu P 6einoaneno ycaosue (D), 
0 npu awobom A (E Fy) eoinoansemcA OOHO us Hepasbencme: 


r 
UAL sup P(x, A)<1l— ae (3! 
xEX 
r 
UAL sup P (x, Y— A)S1 ===, (4) 
xEX a 


. €. 6oinoANAemcaA ycnosue (R). 


* OGosHayeHHA H OMpesemeHHA, yNOTpeO/AeMble B HACTOAMeH CTaTbe, MpHMbIKaloT K pa- 
yre A. H. Koamoroposa (4). Jiummb ANA OonmbuleH ompefeeHHOCTH YCJIOBUMCA o6sacTb 
IpewleseHua croxacTuyeckoh pyHkyuu P (x, ©) sanucpipaTb B Buse (X, Fy), coxpanaa oOulHe 


oBua (4), KOTOPbIM OHA AOMKHA YAOBJCTBOPATH. 
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Jlemma 2. Boinoanenue odHoz0 us 'Mepasencme (1) uUau (2) Breuem 
NOAHEHUE COOMHOWEHUA 
(D’) sip. [WP WA) PG) Aiea 
xEX, VEX 
A€Fy 
Onpeneneuue 1. Bygem rosoputTb, uTo suiemeHTbl x (EX) u y(E4 
nepeceKalwTCA OTHOCHTeEbHO CTOXaCTHUeCKONH PYHKUUN | 
onpeyesienHoli B o6sacTu (X, Fy), Ha MHOXKeCTBE BEPOATHOCTHOM MepbI « (> ( 
ecu 
sup |P (x, A)— P(y, A)|=1—«. 


AGFy 


Ilpu stom, ecu « = 0, To OyeM ropopuTb, TO X M YHE NepeceKawrTec 
IIpenctapneT MHTepec culelyroulee MpesioxKenne. 
Jlemma 3. Ecau omxocumearbxHo cmoxacmuueckot gyrKyuu P, onpeo 
AeHHolt 6 o6aacmu (X, Fy), 06a anaemenma x (EX) u y (EX) nepecekatom 


il 


PxQ=R, 20e Q— aw6an cmoxacmuueckan YyHKYyUA, ONpedeAeHHaA 6 O 
aacmu (Y, Fz), me oe anemeHmol x uU Y nepeceKatomcA Ha mHooKeCmM 
6ePOAMHOCMHOU Mepbl HE MeHobUUlell, 4eM KH, B3AaMeEMUM NpU amom, 4mMO CMmoOx 
cmuueckan dynkyun R 6ydem onpedenena 6 obnacmu (X, Fz). 

Onpeneameuune 2. Tosnopsat uro nenb Mapkopa paBHOMepHO NOW 
UMHAeCTCA IPrOMHYeCKOMY MPHHUUNY, ecm AA moOoro m paBHE 
Me€PHO OTHOCHTe/IbHO X (€EXm), Y (E Xm) uA (EFx,,,) BbIMOMHAeTCA Tip! 


J@JIbBHOe PaBeHCTBO 
lim ae m+n (%; A) "aa Pn, m+n (y, A)] a 0. 


—>oco 


Teopema 1. Jaa moeo umobe yenod MapKkoea, ynpaeanemaa noc ned 
eamenbHocmb1o cmaxacmuueckux dyxKyuti {Pp(x, 8)}, onpederennolx coor 


eemcméeHHo 6 O6nacmax (Xn, Fx, 44) PaeHOMePHO NOOWUNAAACS ap2eodUuLecKOM 
npunyuny, HeoOxoduMmo uU Oocmamo4uHo, umobobl CYtuecmeo6ana nocAaedoeames 


HOCIN6G YENOLX NONOIHCUMENOHOLX 4LUCEN Ny =O <ty<Cfg<..., OAA KOMOpe 
BOLNOAHAIOMCA HepabeHcmea 
; sup | Pa Np (x, A) = Pay Hye np CE A) | ae eas Anp 

*EXny tar YEXnp 
Bo. 
u 
co 
ps0 SS An, Pacxooumca; (4 
k=1 i 
npu 3mom 


Papeasta. Np a Pry +2 * Pry 4-8 SN te eas ke Lees 


I]pumMeyaune. Ouepnquo, uro ecm B ycoBum (5) sup paccMaTpHBat 
TOJbKO lo A, COxpaHHB ycsoBHe (6), TO sproqMueckuii NpHHuWN OyjeT BE 
NOJHATCH PaBHOMEPHO TOJIbKO 0 A. B stom ciyyae BHIGOpP nocmesoBaTenH 
HOCTH {f,} S3ABMCHT, OUCBHAHO, OT Xx HY. | 

Mamoctpaivet K 9TOMy Cjlyyalo MOxKeT Cy2KUTb MpHMep, paccMOTpeHHbE 
C. H. Bepxurreiinom ((2), erp. 132). 

2. PaccMorpHM Tenepb HeoyHoposuple wena MapKosa c KOHeuHBIM uHC.IO! 
coctosnnit. Uepes 2 o6osHauum COBOKYMHOCTbh CTOXACTHYeCKHX MaTDPHIL : 
KBaNpaTHbIX WIM MPAMOYTOJIbHBIX, C UYHCJIOM CTPOK H 4HCOM cTONOIOR, 
MpeBOCXOAMMX YMCA s (> 2) M He MpescTaBMMbIX B Bue 


sehr 
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ie L,, L; u T—neorpuuatembupie moa (T. e. nmogmaTpuiyl) u noe T 
peactaBset T-matTpuily (°); KpomMe Toro jwia noma T OuDKHO BbINOHATECA 
ie HepaBeHcTBO ¢<r,rge ¢— unco cTomONOB MH fF — UNcNO cTpoK nous T. 
PH STOM cTOxacTHYecKylo MaTpHuly P = || p,,|| OyqemM HasbipaTh T-MaT pu - 
je, eC cyllecTByeT pasOveHHe BCex CTPOK Ha JjBe HenycTbIe yactu A u A 
i pasOveHne Bcex cTOJIOWOB Ha jBe HenycTbie vactH B u B takue, ro: 
p;,,>9, xorga i€A uw jJ€B um i€A uw j€B; 2) pj;=0 Bo scex 
|TAJIDHBIX CJIyUaAX. 

| JIemma 4. JTycme Oanol s — 1 cmoxacmuueckux mampuy Py, Po, ..., Ps—r, 
punadnestauux coeoxynrocmu (s>2); npu 9smom «4ucao cmonbyoe 
mpuy P; paeHo uucay cmpok mampuyo Pi, (i=1, 2,...,58—2). 
tycmb « u B—zwoan napa HNenepeceKaiiuuxca meoxcdy cobo10 cmpoK 6 
mpuye P, (cm. onpedenexue 1). Toeda 6 mampuye 


PapePacescocneP 304 ak 


fe vce cmpoku « u 8 Oydym nepeceKamocaA Ha mHOICecmMbe NoOAODCUMEeAbHOL 
pposmuocmxouk mepol. Hxaue eoeopa, mampuuya P 6ydem yooeremeopamb 
pnoeuro (D). IIpu amom uucnao s—1 ne moocem Ouime, 6oobiwe z060pa, 


| Ecam croxactuyeckas Matpuua P npunaquexut Knaccy ), Ho He yOB- 
eTBOpaeT ycuoBuio (D), To KoadPuuNeHT SProqHyHOCTH WIA Hee B yKa3aHHOM 
Ie CMbICIe paBeH HywtO. IIpHmMepbl cTOXacTHYeCKHX MaTPHI, MpHHalviexa- 
lux Kulaccy ©, Ho He yqoBeTBopsIomux ycmoBnio (D), umeroTcs B cTaTEe (5). 
OITOMY B 9TOM CJIyyae cyuIeyeT BBeECTH MHOe ONperevienve AIA KOIpPHUMeHTa 
orOWHUHOCTH. 

Jia paccMaTpHBaeMoro HaMH CJlyyaA Mbl OMpeeMM ero culeyiOuluM OOpa- 
mM. Uepe3 Pi; 0603Ha4UMM MO/O2KUTeIbHbIe IeMeHTEI MaTpuunt P (ER). Uneno 


=min (2;,) Ha30BeM KOIPPAHLHEHTOM IPLORMUYHOCTH MATPHLE P. 
Z; 


Teopema 2. Ilycmb Oana nocaedosame AaoHocmb CmoxacmudecKux mampuy 
PP peace cae: lable acon 


eeyaupyrian yenoto MapKosa c KOHe4HbIM 4UCAOM cocmosNut, U nycmo 
HER” (h=1,2,...) uumeem Koagpuyuenm apeoduinocmu hp. Toeda ama 


co 
lenb paeHOMePHO nNoOwuHeHa apeoduueckomy npuHYyUuNyY, ecau psd Sra pac- 
k=1 
OOUMCA, 20e Ns = \(p—1) s—k-+2 \r—1) s—k+3--- hp (s—1) (k = ip 9%. ane ae 
Vcnomb30BaHHe V3JIO%KeHHOH B HacTOAMeH cTaTbe KOHUeNUMH NMpYMeHH- 
‘eJIbHO K IWeHTpaJIbHOH MpefesbHO TeopeMe MbI aluM B [pyroli cTaTbe; 
WeCb BAMCTHM JIMIUb, YTO TeopeMa 2 NOSBONHeET MerKO NOJYYATh TWpeANo0- 
KeHUA, OGOOMAIOMIMe pesyJIbTaTbI CTATbu aBTopa (°). 


CpequeasuaTcKHl rocyapcTBeHHbI yHMBepcuTerT Ilocrynuut0 
um. B. HW. Jlenuna 21 I 1958 
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Jloxnann Axkagemun nayk CCCP 
1958. Tom 120, Ne 3 


JI. H. CJIOBOAEWKNA 


OWEHKU PEWEHWM 3JIJIMNTAYECKUX 
MW MAPABOJIAUECKUX CHCTEM 


(ITpedcmaeaeno axademuxom B. H. Cuupnosoim 18 I 1958) 


1. B cratbe (1) ObluIM BBeeHbI MpocTpaHcTBa aren wane » (&) A p = 
M sOOLIX HeEOTpHUaTembHbIX Jj, ..., /,. CoxpaHad MpvHATbIe Tam O603HAaU 
HWA, BBeeM yKa3aHHble MpocTpaHcTBa wid woCoro p (1< p< + ov). 


Tyers cHayasia /, —HeOTpulaTembHOe Weoe uucn0. Byem roBopuTh, ce 
(Jp) 
f=f(x)€ Wy, ,(Q), ecm f ee CyMMHpyemple no Q co cTeneHbIO 


oGoOuleHHbIe MmpousBogzHbIe no x‘) jo nopagKa l,. TIpu stom nomaraem: 


Aree (Ojrm | > \ [Dfoot if alae 
x(k), p 


In Q 


(Ip) 
Hyctb tenepb ln=/n +x. Bygem rosoputs, uto fe Wim, ,(Q), e 


x wie (Q) wu ecam yma Beex q< I, 


(hk). (k) dx dy 
Teste sl eae pal A ct )Duwt Sam pata < +29. 
Qaxalk) 
IIpu sTom 
1/p 
Ln co Qh + 2 tye Olm}”. | 
We), P PE" wWl®), p(Q) aU, 


Byzem, Jasiee, ropoputh, uo f € WA _- ace a (4) Ree a6 ve »(Q) Oy 
Bcex A= 1, 2, ..., r. [lpw stom 


up | 
epserery {air ate Heng | 


Ns OX) ck eae 7a), p (Q) | 
IIpu r=1 u a ,O ens aS mpoctpaucrso WY), (Q) mpi 6y em ooosnauat 
IIpocto yepes Vp ’(Q). Touno tax xe mpi lj=/,=...=/,=1 me 6yy 


o6osHayaTh W or p(Q) yepes W (Q). | 


Teopema 1. II ycme oOracme Q oeparuxeHa Oocmamouno 2nadKumu na 


(GES Act 
6EPXHOCMAMU U ii € Way, , x(t), p(Q). Toeda daa n6elx yeaox u Heompuye 
MeABHbIX tM, ..., Mz, yooe.remeop srousux Hepaeencmey 
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| m 
}ujecmeyrom obo0bwennole npouseodnue D'i)...D (yf, npunadaescauue 


iG... 7, i 
fy (Q) Oh == hee i(k Sel. Geof ell pusmom 


perry 


Oa gD | flows). SCM (1) 


wh, eer) (Q) 
faye) op? Gaiun nicer 


C, saeucawum moabKko om Q. 


M3 sTol TeopeMbI BbITeKaeT, YTO TIpH Wesom / npocrpaHcTBo We (Q) cosna- 
eT C COOTBETCTBYIOUNUM MpoctpauctBom C. JI. Co6osexa. 

Bolo Obl WHTepecHO MOyYHTbh YA mMoOoro p TeopeMbl BJIO%KeHNA, aHa- 
MUNI MpMBeeHHIM B (1) AIA p= 2. K cormkavenuio, 9TO elle HE yAasOCb 
(eu1aTb. 

2. Ilycts Q—xkoneuHad uM OecKoHeuHad O6acTb n-MepHoro mpocrTpaH- 
Ba En, rpandleH KOTOpOM CJlyxKUT ocTaTOUHO ruiayKan (nm — 1)-mMepHasa Ko- 
YHadA WIM OeCKOHeYHaH MOBepxHocTb 6e3 Kpan S. Paccmorpum B 2 sHHeH- 
IH WudppepeHuvaJIbHbIM OMepaTop 


2k n 
a eee tg) ar 
L(x, x-)u => 2») A @) 5p ora 


r= bye. dpe fas. 


ime Au?) (x) w A(x) —KBagpaTHEie MaTpuun nopsyka N u u = u(x) — 
leKTop-dyHKuna c N Komnonentamu. O6o3HaynM yepe3 Lo (x, O/Ox) ruaB- 
yio uactb L(x, 0/0x) u uepes Lo(x, ia)—MaTpHly, Nomyyatonlyioca U3 
o(x, O/Ox) B pesyJbTaTe 3aMeLeHHA CHMBOJIOB O/OxXs; BbIpamKeHHAMH 
Ks (S=1, 2, ..., n). Cnegya UH. IT. Ilerposcxomy (?), 6yem roBoputb, 4TO 
(x, 0/Ox) anmuntTHueH BQ, ecau mpn mo60m x €Q u moOblx JecTBUTeb- 
BIX %, ..., &%, ONpefemutTenb | Lo(x, ia) | MaTpnunr L(x, ix) ynoBue- 
BOpxAeT HepaBeHCTBY: 


| | Lo (x, ia)] |B dlap~* (B>0, jal =Vab+...+a2). 


 T]peanouoxum, uto S MoxeT ObITb MOKpbITa KOHCYHbIM YMCJIOM TMepeKpbI- 
aIOULMXCA MOBepxHocTeH o;(S=1, 2, ..., Gg) TakHX, YTO Kaka os MOKET 
IbITh 3afaHa JOCTATOUHO peryJIAPHbIM MapaMeTpHyecKHM ypaBHeHHeM x = x(7’) 
Y =(Yi +--+ > Y_—y)): O603HauHM Yepes v = v (7’) CHHHYHDIM BeEKTOP HOpMaJIH k 


} B TOUKe xX’ = x(y’) H MpHMem, 4TO 
Ce ee eae (2) 


/CTaHaBJIMBaeT B3AMMHO-OJHO3HAYHOe H JOCTATOYHO peryJIApHOe COOTBeTCTBHE 
[eK LY HeKOTOPOH OOMAaCTbIO MpocTpaHcTBa TOYeKy = ({j, ..-, ¥,,) MH HeKOTO- 
oH +-MepHOH OKPeCTHOCTbIO MOBepXHOCTH os. Sayaqum ua S_ & sMneinpix 
ludppepeHvasIbHEIX oMepaTopoB R, (x’, 0/Ox) nopsxyKoB m,(u= 1, 2,...,R). 
lonb3yscb (2), mpeodpasyem L(x, 0/0x) u R,(x’, 0/ 0x) K HOBBIM TlepemeH- 
[DIM iy, --- 5 {,: PesyubTaTbl 9TOrO MpeoOpasopaHua O603HaYHM Yepes 
L(y, 0/07) uw Ru(y, 0/07), a WX Taapubie yacrn yepes Lo(y, 0/07) u 


fG, 0/ oy) (w=1, 2, sey R). | 
O6osHayum yepes D(x’, 8’) (B’ =(B1,--- > Ba—s))MaTpauy mopagKa kN: 


V's 8) =|) RPG, 1B) Lo" Gs 1B) Ba Bn (B= (Br. +--+) 
€(8’) 

ne € (8') — nolOxXHTeIbHO OPHeHTHpOBaHHbIt KOHTYPp, paciOJ1O2KeHHbIH B Bepx- 

ei MOJLyMIOCKOCTH KOMMIeKCHOK MocKocTuH , M OXBaTbIBaIOLHH Bce JlexKa- 

IHe TaM KopHu ypapneHua | Lo(y’, 78) | =O mpn cuKcupoBaHHbIx jy’ u BP’. 
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: 


70) [TAH hee pale? 


Byjem rospoputp, uro L u Ry YAOBeTBOPAIOT Ha S ycenosuro (JI) (B. A. 
maTuuckoro (*)), ecu fia m0O0ro x’ ES uw moOnix eHcTBUTebHBIX fy, . 
» Bai, MA KOTOPBIX | eet h = Ve +... B2_, = 1, BEMomHAeTCA 
pasenerso ||D(1’, B))||> 8" (>0). 
Teopema 2. ITycme: 1) L sanunmusen 6 OQ, a Lu R, (wu =1, 2, 
, k) yoosaemeopatom Ha S ycaoeuro (JI); 2) L>2k, m<l— NY. (ps 
=1, 2,..., k). Toeda Ona aboti eexmop-dynkyuu ué vi? (Q) eno) 
HAEMCA HepabeHcmé6o 


Cy |ILt | ito ¢g + BR UM pAt—my—td «sy [<1 yng) < 


C. [Lu wh-2B) (gy 1 oy | Rutl|l ye—my—th) «g) + 14 aay] » (: 


20e Cy uU C,—NnonorcumerbHole nocmoAHHble, 3aeucsyue morbko om Q | 
Ougepenuuanonolx onepamopoe L u R,. 

Teopema 3. ITycmo eoimoanstomca ycaoeua 1) meopemo 2 u l> of 
Tozda Onn amboti ué Wy) (Q), yooeremeopsroiweti epanuunoim ycaoeush 
Ruu|s=O(w=1, 2, ..., k), umeem mecmo nepasencmeo 


CEU gAt—2h) coy @ S42 WAN a S Call Le | yee) (py Felco) | 


Teopemp! 2 u 3 oOo6ulaIoT cOoTBeTCTBYIOULHe Peace O. B: Ty@e 
Bou (*), ®. Bpayyepa (*), A. MW. Komesespa (*) u Hupen6epra (7, 8). 

3. PaccMoTpuM Tenepb B UntuHApe Q=Q x [0, oF (2 €Q, 0 < ree 
<-+ co) napaOommueckuh WudppepeHiHabHbIH ONepaTop 


ot ’ Ox 
3 2k n ; 
u (Easily) u 
=7-) > 6A rhe, *) 5 RTT A baer 
Pail the i;=1 
Onepatop 
he a ‘ on 
uP a A (day ves Zon) (4 
Lo(t, eer a) or a » A Uh aioe Sale 
i igp=1 1 2k 


Ha30BeM T'JlaBHOH 4acTbIo ONepatopa L. 

Sanagum Ha TT =S xX ([0, T] k annetuprx mucppepenia sb HbIX onepaTopo. 
Ru (t, «’,0/0t, 0/dx) (u=1, 2, ..., k). Hasopem raapnoit yacrbio R,, cosd 
KyMHOCTb BCeX ero ofHoueHoB Bua Bit, x’) DPD, WA KOTOpHIX BemHYy 
Ha s,-+ 2ks, —HavOombumas. IIpa stom m, = max {s, + 2ks,}  Ha30Ber 
nopaqkom Ry. 

Ilocrynaad Kak paHblle, mpeoOpasyem L u R, K MepemenHbm f¢, 7, . 

LANE. PSS RUE EINE MpeoOpasopanhA oOo3HauuM yepes L(t, 7, 0/dt, a/a 
u Ry(t, 7’, 0/dt, 0/dy). Baexem marpuny 


Dit, 1, Bo B’) = 


) RPG 1's Bor iB) Lo" (ts 1's Bor iB) Ba dB 
rye C (Bos 6") — MOsIOXKUTeIbHO OpHeHTHPOBaHHbIii KOHTYp, merci 
1 
| 


(On One Say 1h) 


C(Bo, 8’) 
B BepxHel Nosy MuOCKOCTH 8, HW OXBAaTHIBaIOMH BCe pactiou1OxKeHHbIe TaM KO 
HH ypaBHeHua | Lo(t, x’, tBo, iB) | =O pu daxcupopannnx ¢, 1’, Bo u 3 
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|| 
| 
| 
| 
| 


paemM ropoputb, yo Lu Ry, (u=—1, 2,..., &) caasanpr wa I yCJIOBHeM 
|), ECM JIA mO06OK TouKu (ft, x M JHOOBIX HelicTBUTeNbHBIX By, By, . 


, Bra, WA KoTOpEIxX —5 + |8’ |? = 1, Bemonmnaetca HepaBeHCTBO 
[iD Cd, 1, Bo B’)|| > 8’ (8 > 0). 


{ Teopema 4. Hycmo: 1) l, = 2klz, 1, > 1, L — napaboauseckuti Oude - 
PrYUANONOIU Onepamop,aL u Ry (u=1, 2, ..., k) ceasane na T ycao- 
pM (JI); 2) t<lj;—Y, (w= 1, 2, ..., k). Toeda Oana moboti 6eKMOp - 


| (Lil 
InKyuu u€ W%")(Q) eoinoanaemca He paebeHcme6o 


k 
Cy jizu | wk, b-1) (@Q) + || whee si a [| Rute yo, 2) al S 


Astaro 


SHU pte 10 (q) C2 [Ze wAla=2R, =D) ¢Qy 1 


R 
= | 

oH | tf | wh!(a) + Pa) | Ryu win ee an ! u Iza] ? (5) 
4 ‘ 
Pi=L(1—5-)=h—-k =, Ne, ieee eer 
} m ‘i 
(1 — Wim — a) (u=1,2, ...,k), a Cy u Cy— nonoocumenouole nocmo- 
fiole, saeucaiyue morexo om Q, Lu R, (u=1, 2,..., R). 


_Teopema 5. JIycmb eeinoanawmcsa ycaoeua 1) meopemo 4. Tozda daa 


3 tit i 
bot uEWL%,9(Q), yooeremeopsroiyett YCA0gUAM U |pay = Rutt r=0 (= 
1, 2, ..., Rk), umeem mecmo Hepasercmeo 


Cy | Lu | wer 1,—1) (Q) < | Uu | ve (Q) S 


SOU L4 | piuzen. tv cy +14 le gcaol- (6) 


Teopemp! 4 u 5 fomycKatoT O606uLeHHA Ha MpOusBO/bHbIe NapaGomMyecKHe 
Temp! 1. [. [lerposcxoro (°) c mpox3BoqHbImu no ¢ MpOW3BOJIbHBIX MOpAy- 
b OTH TeopembI OOoOmlatoT pesy/ibTaTHr O. A. JlagpnKeHcKol (1°). 


: 
| Jlenuurpayckuli rocygaperBennpili megarormyeckuli HHCTUTYT Tlocrymuuto0 
| uM. A. MW. Pepueua 16 I 1958 
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Jloxnxann Akagemuu nayx CCCP 
1958. Tom 120, Ni 3 


C. H. CJIYPHH 


K TEOPHH METOJOB HbIOTOHA HW YATIJIbBITHHA 


(ITpedcmaeaeno axademuxom C. JI. Coboaneeum 14 I 1958) 


1. B aHanore meroga HbtoTona (+) quia mpH6auxKeHHOrO pellleHHaA ypaBH 
Hua P(x) =O ucnomb3syetca asropudm 


Xn+i — Xn apo Die (Xn) ( 


re Ty = P’ (xn) mu6o TI, = P’ (xo). Bmecto mpon3Boqublx onepatopos I, 
(1) MoxkHO 6paTb onepatop L, uMmeroulwi ob6paTHE L 4, «6m3Kkuh» kK P’{ 
m0 OaHaxoBol HOpMe (*#) (O603HayeHHA Halwn). Ha onepatop L MoxHO Hadi 
XKUTb Ooulee cabbie OrpaHwueHuA WM MpowspecTH BHIOOp Oosee mpoctroro 
oOa3aTeJIbHO OOpaTHMoro), yAOOHOrO JIA BbIUHCsIeHHH OMepaTopa. 

Ilyctrb X—mnpoctpancrso Tuna (Bx) (°). Menonmb3syem o603Ha4eHH 


V? @) S=VIV™* (2). Vo =I, bys ey AUC An) Olea 


.Teopema 1. [Tycme na muosecmee GC X: 1) |AU|<V(Ax}), a 
U =I—LP; 2) onepamop V moxomoxuo 6ospacmaem; 3) G codepocum oep 
AUUeNHYIO Caepy (Xo, R): 


|x| <R= DV], z= [LP (xo) 
h=0 
4) onepamop LP  (bk)-Henpepoieen; 5) ypasxenxue L(y) =0 umeem edu 
cméeHHOe HYACbOE pelenue. 
Toeda aneopudm 


Mn, = Ne Pre ee) ee) ( 
exodumca 6 cohepe (x, R) K pewenuro x* ypaeHenua P(x) =0 co cKopocma 


in ke | wey (| 


k=n 


Jia BbinOMHeHHA yculoBua 2) qocTaTOUHO ayAHTMBHOCTH onepatopa V, 7 
4) RocraTouHo (0)-HenpeppiBHoctu V, gua 5)—anquTupHoctu u o6paTumoc 
onepatopa L. Ecum V ne agyurupen, To B HepaBeHctBax (2), (4) Mo>KHO B3sH 
|V, |, Mpwuem momyyaetcs, BooOme, Somee CHbHaA OlleHKa, 4eM Ip oOObI 
UCHOb3yeMOH (B OaHaxOBbIX MpoctpancTBax) cTeneHH || Vv ||" WIM axe HG 
mpr || V" || HTepatiun. 


Onepatop V nasbiBaioT gob TeppoBM, ecau (I —V)1 = > v*. Ol 
h=0 | 


stom R = (J—V)4(z). Ecou V anqurupen, to |x,—x*|<V"(R). 

2. B qanbuetiiem X — K-npocrpaucrso (3). [ui mpakTuKu oueHKu pe 
HMA MHOra Tpe6yeTcA ycTaHOBeHve olepaTopHoro aHaviora Teopempl U4 
A472 


Tuna (*) oO jucepentvabublx HepaBeHCTBax, T. e. ycTaHOBseHHe 
MOBUH, MOCTATOUHBIX JIA TOO, YTOObI H3 HepaBencTBa P (x)= 0 cieqoBano 
=x", rye P(x")=0. J\aa aaqurupnoro o6paTumoro onepatopa P ato o3Ha- 
T eFO NOJOMKUTeEMbHYIO OOpaTuMocTh, T. e. P!>0. 

Teopema 2 (cpaBHeHiA afMTHBHBIX omepaTopos). Ecau onepamopo T 
A addumuenei, o6pamume, Y > A, +> 0, (J —T4A)" (x) £2 0 (n> 00), 
a. > 0, 

'Teopema 38 (06 onepaTopHbIx HepaBeHcTBax). JZ ycmb na mHooKcecmee 
=X eolnoansomca ycnogua: P (Xo) >0 (aubo <0); TP (Ax) > AP > A(Ax) 
u Ax >>0; onepamopu Tu A addumusxe: u noaoscumervHo-06 pamumol; 
2pamop I°1P monomoxHo-nenpepvl6en; mHoocecmeo G ekawuaem 6 cebA 
Xo] (2u60. [Xo, X,]), 20e Xy =X) — AP (xo). 

Toeda Ha amom ompesKe cyimecmeyem eOUHCMBeEHHOe pelleHue YpaeHeHuA 
a) = 0. 

Orcioyja, B YaCTHOCTH, HeTpyRHO MOJyIATbh TeOpeMy CpaBHeHHA 43 pabo- 
(°). 

3. Tlocrpoum asiropudM yamlJIbIrMHcKoro TuMa Ha OCHOBe 3aMeHbI OlepaTopa 
* B aslropudme Teopemp: 1 padorbl (*), moqO0OHO TOMY KaK 9TO ObIJIO Cye- 
JO BBILUe. 


Teopema 4. JTycmo na Kaodom [a, b]C[Xo, Xo] cyiyecmeyiom addu- 
6HOIE NOAOMCUMEAbHO-OOpamumble onepamoper (a, b) ul'(a, b) makue, 
0 Ha ecem [a, 5] 


T'(a, 6)(x—a) > P(x)—P(a), Ta, ’+)(6—*)>P(b)—P (x). 


IIlycmo cywecmeyem adduimuenolti noaoscumerbHo-o6pamumol onepamop 
>T(a, 6), TST (a, 6) na ecex [a, 6], onepamop [Y4P  monomonno-re- 


epoieen uw P(X) <O<P (%). 
3adadum anrzopugm 
—L(2q)s  Xnpy = Xn — Ly (2,)> (5) 


Sh GE (x,,), onepamopol L,, noaowcumeAbHol u oOHOpoOHel 


nba fs ey Sa QD, =P (xn, Xn) FE, ae (Xns Xn) 


Toeda aneopudm onpedeanem nocaedosamerbHocmu Xn, yooereméop srowue 
pasencmeam 


Xn SAnj1 SX Q*X LX Sn 


ex, x —Naumenowee u Haubonowee Ha [X,X] pewleHuA YpasHenuA 
(x) = 0. be 
Jlaa eduncmeennocmu pewenus Jocmamo4Ho cywecmeoeaHUA AOOUMUBHOCO 
noncumenvbHo-o6pamumoeo onepamopa A maxoeo, “mo AP > A(Ax) npu 
-s OG; 4 
Ecim 3apaee W3BeCTHO, YTO pelleHHe e€/MHCTBCHHO, TO YCJIOBUA RS 


KHO He BbICTaBIATb. BmecTo yCJIOBMH, HaJlOyKeHHbIX Ha Ln, MocTaTOuHO 
stpeOoBaTb, uTOOH! Tala (Zn) > Zn» Vabn (Zn) <2n. Tipu HeKOTOpbIx JONOJIHH- 
JIbHbIX MPeLMOORKeHAAX OTHOCHTEJIbHO Ln (Zn) asiropudM CXOMMTCA K pelLle- 
10. Bmecro HempeppisHoctu omepatopa I™*P MoxHO MOTpeOOBaTb HempepbIB- 
.cTb onepatopos I’ nu P. Iro 3aMeyaHe OTHOCHTCA M K TCOPEME 3. 

= x : 
Tlonaraa [, =I, Ln =Vn*, nomyuum asropupMet pa6otp! ("). 
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| 


Teopema 5. Ecau 6 ycaosuax meopembt 4 onepamopol I—T, noaoor 
m 


} 
I 
| 
] 
] 


MeAbHbIE BOALMEePposel, mo 6 Kawecm6e Ly MOHCHO NPUAAMO > (J—T,,)*(m 1 
k=0 | 
U360N6HO). | 

Orcioja Mph 2n = P (xn), MecTBYA B Mpocrpadsr32 co3s0xyadorred mpoq 
BOJHbIX, MOXKHO, B YACTHOCTH, MOMyIMTh (KOAKpeTasle) alropa put pidorol (* 
Ouu 3aHHMaloT mpoMexyTOWHOe MecTO MexKAY amopapwaM@a Xp, = Xa — P 
HM 6Oulee CIOXKHbIM, HO ObICTpee CXOVAULAMCA Xp) = Y appre Ie oat Bale hh 

4. O6vt4HO Hcnomb3yeMo2 B aHamorax MeToya Uanmoirmaa (°,’) yemo 
AJIMTHBHOCTH HM MOIOKUTeMbHOM OSDaTAMOcTHA O1epiropa [’ MoxKHO 3aMeHH 
JIpyrun. 

Teopema 6. JIycme na muonecmse GX exnortdioncnA YCA3 
P(x.) >0 (au6o <0), T(Ax) >AP npu Ax >0; cyyecm3y2m o12pam 
L makoti, umo L>0, TL</ (au6o L(y) <0 <TL(y)—y npu y <Q 
ypasHenue L(y) =0 umeem eduxcmseHHoe HYAe30e pelul2nue; o1epamop 
monomonno-nenpepoigen; AU <AV npu Ax >0, ede U =I—LP, orepan 
V moHomoNHo Bo3spacmaem; mHoocecms0 G codepxcum o2patu4eXH tu ompe3) 


| 


[%) —R;%o] (au6o [%9,% + R]), ede R= >) V" (z), 2=|LP(x,)|- 
k=0 


Toeda ypaenenue P(x) =O umeem Ha amom ompeske peweHue x", KO 
poe moxcem Colm noay4eHo anzopudmom (3), npu4em Xn XxX" (AUuO0 Xn 77 
[oo] 


co cKopocmet0 |Xn—x* |< >, Ve (2). 
k=n 


CnecTBHeM OTCIOJa ABAAeTCA TeopeMa 3 IPH MOMOMHHTebHOM YCJIOB 
onepatop V=/—I'1A sospteppos. Teopema moxkeT ObITb MOJMpMIMpO 
Ha 3aMeHOH aviropucdma (3) amropudMom Bua (5). 


Ka3aHckHl rocyapcTBeHHEIi Tlocrynu10 
yHHBepCuTerT 13 I 1958 


UMTHPOBAHHAA JIMTEPATYPA 


ij].B.Kautoposuy, JAH, 76, N1,17 (1951). #75.A.Beprreim, Yen} 
TeM. HayK., 12, B. 1 (73), 166 (1957). 3JI.B.Kantroposu4,B5.3.Byaux,A.T. I 
ckep, ®yHKuMOHaNbHBI aHamH3 B NOmyyNopsyouenHHIx Mpocrpancrsax, M.—JI., if 
4 Cc. A. Ganaprun, Hospi merogx mpHOimxKeHHoro HHTerpHpoBaHHus AudepenuuaJs 
ypasHennu, M.—J]., 1950. °®H. B. As6enes, JAH, 89, Ne 4, 589 (1953). La, | 
Cayruu, JAH, 103, Ne 4, 565 (1955). 7 A.H. Baayes, Bec. JIFY, N 13, B. 2 
1956). ®8T.A.Aptemos, JAH, 101, N 2, 197 (1955). 
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Toxnage Akafemun nayx CCCP 
1958. Tom 120, Ne 3 


MATEMATHKA 


E. C. THXOMHPOBA 


HEKOTOPbBIE TOMOJIOTHYECKHE WYHBAPHAHTbI 
IKBUMOP®HbIX TPEOBPA3OBAHHH (3KBAMOP®H3MOB)* 


(IIpedcmaeaeno axademuxom II. C. Aaexcandpoesim 8 I 1958) 


B3aHMHO-OJHO3HA4UHOe MH B3AHMHO-PaBHOMePHOE HElpepbiIBHOe OTOOPaxke- 
mue | meTpuHueckoro mpoctpaHcTBa AR, Ha MeTpHyuecKOe MmpocTrpaHcTBO R, 
Ma3sbiBaeTcA 9K BUMOPMHEUIMUNPeOOPasoBaHHeM HIM IK BU- 
opdu3mMom. B HacrosmleH 3ameTKe CTpoaTcA TomouorMueckHe MHBa- 
DHaHTbl SKBUMOP@HEIX MpeoOpas0BaHHH WIA BeCbMa IIMpoKoro KuJlacca 
WeTPHYeECKHX MpocTpancrTB (reojlesuyeckue Mpocrpaucrspa (')), BKOValoMero, 
& WACTHOCTH, BCe PHMaHOBbI MHOrOOOpasHaA, B KOTOPbIX MeTPHKa ONpememaerca 
kaK BHYTPeHHAA FeowesuyecKad MeTPHKa. CoflepxKaTesIbHOCTb 9TOTO TMocTpoe- 
WHA BbITeKaeT M3 TOTO, UTO ONpeeAeMble 30eCb HHBAPHaHTbl MOFYT OKa3aTbca 
HeTPHBUAJIbHbIMH WIA PHMAaHOBbIX MHOTOOOPasHi, TOMEOMO P*PHBIX SBKJIMLOBY 
hpoctpaucTBy. BocHoBy nNocTpoeHHA POMOOPHYeCKHX MHBapHaHTOB, Kak OObINHO 
kJlalleTCA HeKOTOPad OOsacTbh KOSPPHUMeHTOB. 
| Hanomuum ompeseienue reofmesuueckoro mpoctpancrBa. IlomHoe merpuye- 
bKoe npoctpaHcTBo R HasbiBaercA TeEOMeCSHYCCK HM, CCIM AIA MOOBIX 
IBYX IIPOH3BOJIbHbIX €FO TOUeK X HW Y CYUeCTBYeT Taka TONKA Z, YTO p(X, Z) = 
=0(2, y) = */20(%, ¥). 
Onpegeueune. Ilycth R — reogesuyeckoe npoctpancTBo. Ec Y — mpo- 
13BOJIbHad HeMpepbIBHad wWelb, TO uepes d(Y) Oysem OOosHayaTh AMamMeTp 
rocuTesa uenu Y. KaxkgomMy HaTYypasibHOMy 4“McCIy k NMocTaBHM B COOTBeT- 
‘TBHe OOsacTh Pp mpoctpauctBa R. Touka x, Bxoqamlad B R, Tora UM TOMbKO 
‘oryla WpHHalviexuT MHOxecTBy Pz, Kora CyMlecTByeT TakOH HeMpepbIBHBIl 
mK Z~O us R c HOCHTeeM, COepxKallMM TOUKY xX, 4TO WA sMOOOH 
| « d(X) 
jenu X c rpaHHueH Z BbINOJHAeTCAH HepaBeHCTBO Aa ete Ss 

Tlogrpynmy rpynib! HempepbiBHbIX f-MepHBIX TOMOJIOrH OOJIacTH Pp, COCTOS- 
Iyl0 U3 BCeX TeX KJIaCCOB, KOTOPble rOMOJIOrM4HbI nys0 BR, o6o3Hauum H;,. Tak 
mK P; => Pri, TO MMeeTCa €CTeCTBCHHbIH TOMOMOp(pH3M ©, Tpylnbl Hig 
s rpymmy H}; mpeyen (?) Tak ompemedenHoro OOpaTHOrO psa FOMOMOp(PH3MOB 


Me 
)OosHauum uepe3s Q’. Oxa3piBaeTca, ¥TO rpymma Q  eCTb WHBapHaHT 9KBH- 


AOPDHBIX Mpec6pasoBanuli reojesMyecKoro MpocTpaHcTBa R. 5 
JloKa3aTeJIbCTBO HHBapHaHTHOCTH ONMpaeTcaA Ha CJleqyroulee mpejioxenne (*). 
Ilyctb f{ —9KBuMoptHoe oTOOpaxeHHe reosesMyeckoro MpocrpancTBa Ry 

ja reome3uyeckoe mpoctpaHcTBo Ry. Torfa Aa Kaxkoro uMcua c>0 cyie- 


2 Ka 3 (fF (x), F(y)) 
TBYIOT j[Ba TakHe unca « > 0, BP >0, YTO HepaBeHCTBO a<t aa y) peas 


IMe€T MeCTO BCHKMM pa3, KaK p(X, Y) >C. 


' 


* Pe3gy/IbTaTbl, U3/IOXKEHHEIC B STOM 3AMETKe, BXOAAT B COCTaB ANCCepTAanHn, HamvcaHHow 
fHOIO ox, pyKoBoycrsom B. A. Edpemosuya. 
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Hametum jloKa3aTebCTBO MHBapwanTHocTH rpynnpt Q’. TloqmHoxectBa F 
B mpocrpancrBax R, u R, O603HayHM COOTBeETCTBeEHHO ;Pz WU oP. M3 cio 
MYJIMpOBaHHOrO BBbIIe CBOMCTBa 2KBUMOpPHbIX OTOOparKeHuH TeojesMyecKk 
MpocTpancTs culekyer, 4TO AIH Kaxknoro k cyulecTByeT HacTOJIbKO OOVIbIIOe 


uTO oPr Df (,P1) uw fGPr)D 2P1. U3 ckasanHoro HenocpesCTBeHHO ieee 
uTo rpynmpt Q) u Qs usomopcuel. | 


B xKauecTBe MpHyioxKeHHA paccMOTpuM MHOrooOpasue §, 3ayjaBaemoe B Ips 
CTpaHCTBe TepeMeHHBIX %1,...,%n,2 ypaBHeHMem z= FF (x,,..., Xn), PA 
* 


ot WE NZ 
F (x1,...-, X1) — OWHOpoyuan dbynkuMa crenenu 1 >! u dl se] ==") ~ Won 


B TOUKe X, = ty =... =X, = 0. 3amerum, uTo mHorooépasne §" romeomopipE 
N-MepHOMY 9BKJIMOBy mpoctpancrsy. Berancaum rpynny Q’ = Q’(§"), r>| 
muoroo6pasua §”, 3a MeTpHKY B KOTOpOM MbI NPHHHMaemM ero BHYTPeHHIO 
reojesuueckyio metpuky. J|a Toro paccmorpum nepeceuenue M"' muoroo6p 
gua §” c mapol mocKocreH z2 = 1. Oxaspipaerca, uro rpynna Q’ (§"), r >| 


v30Mopt(pHa f-MepHOH rpymme romosorHii mHorooOpasun M”*, 
B  ocHope jloka3aTembcTBa JiexKaT cCuJeMylollve CBOHCTBAa MHOKeCt 


P;. = P(§"). Muoxecrpo pcex ToveK MHoroo6pasua §", B KOTOpHIX z=4 
o6o3sHauHM G. Oxa3biBaeTCA, UTO CYMeCTByeT HaCTOJbKO OoJibIIOe HaTypadl 


Hoe uucsio 1, uro P; CG. C Apyro cropoubl, Aaa Kaxkmoro unKua Z’, r >| 
u3 G MW MpOH3BOJIbHOrO HaTypadibHoro uMcsIa k cyllecTByeT TakOH WHKI 
HGS? edhO ul — 7% GReG. | 
B xKayecTBe KOHKpeTHOrO IpHMepa paccmMoTpHM mHorooépasue IIs;, 3aqaBa 
Moe ypaBHeHwem z= —xj—...—x¢+xdiu+...4+-x4;, stt=n. 
oKa3saHHoro culeqyeT HemocpegcTBeHHo, uto [1% u 9 es SKBUMOp(HbI Tora’ 
TONEKO TOMA, KOL4 Sy =—"Sy, 1; —t, WIM S| >, Sp —=1,. 


Besropogckul rocyqapcrBeHHblit Tlocrynuuo 
Memarorwueckuli HHCTHTYT 30 XII 1957 


UHMTHPOBAHHAA JIATEPATYPA 
1B. A.E@pemosuy, Yen. marem. Hay, 8, B. 5, 189 (1953). 2 11.C.Anexca 


apo, Tp. Marem. uuct. um. B. A. Crexnosa, 48 (1955). * B.A. Empemosuy, ¥ 
MaTeM. Hayk, 4, B. 2 (30), 178 (1949). 
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Wokxnanp Akanemuu Hayk CCCP 
1958. Tom 120, Ni 3 


MATEMATHKA 


O. C. PHPCAKOBA 


HEKOTOPbIE BOTIPOCbI HHTEPNOJIUPOBAHHA 
C TOMOLIbIO WEJIbIX ®YHKUMH 


(ITpedcmasaeno axademukom M. B. Keadouuem 21 I 1958) 


B uHactTosmjeHh paOoTe Mbl pacCMOTpYM TPH HHTepMomsAMOHHbDIe 3alauH 
Kylacce WevIbIxX PyHKUHH. 


PAVICTE Mpg WU. <a | Apme| Age cee li. SUT WA too, — srOcyies 
TE => IO) 
OBaTeCJIbHOCTh TOWUeCK B MJIOCKOCTH KOMIJI€KCHOrO TepeMeHHOTO z H {an} — 
oe KOMIVJICKCHBIX UMC. 
1. Kaace wembix yHKUM, HMeIoulNx MPH JaHHOM YTOUHEHHOM TNopsyKe 
octa p(r) * (lime (r) =e <oo) HOpMaabHbIi WIM MMHYMasbHbI THM, ycJo- 


r> oo 


MMcH OGO3HaYaTb Yepes [9 (r), 00). 

CraButTca Bompoc 06 yciOBHUaAX, KOTOpble HY2XHO HaJIOX%KHTb Ha mMocweOBa- 
€JIbHOCTh {A,} Y3IOB HHTCPNOALHM JIA TOrO, YTOGbI CyULeCTBOBasIa MO MeHb- 
Teli Mepe ofHa (byHkuuaA f(z) u8 Kmacca [9 (r), 00) CO CBOLCTBOM 


f Qn) =n, (1) 
CMM TOJbKO uNcIa {an} (2 =1,2,...) yYROBMeTBOpAIOT ycJIOBHIO 
Tes In | a,, | ie 
se POR a 
n 


Bneppble aHaJIOrMuHblt BOMpoc Obl moctaBaeH wu peuieH A. M. JleontTbe- 
pm (1) Jia WebIX PyHKIMi KOHeYHOrO NOpayKa MW HOpMabHOrO THTIA. 

Jina tbopMysMpoBKN pe3ysIbTaTa BBeeM MOHATHE O MpHcoeqMHeHHOH (pyHK- 
MM MOCJIEMOBaTeJIbHOCTH. 

| Ilycrb fava mocneqopaTembHocTh {An}, O<|Ay]<]ro|<..., lim|Ap|=o0, 
: nN->oo 
‘MOBJIETBOPAIOUIaH YCJIOBHMIO 

) ft 


Pa SO ” 


lim —— 
noo | An 
fle o (rf) — yTOUHeHHBIM MOpALOK pocta. 
IIpu p HelesIOM TpHcoesMHeHHOH (PyHKWWeH WIA WaHHOH MOCJIeLOBAaTeIb- 
ocTu {A,} Ha3bIBaeTCH KaHOHWMYeCKOe MpOUsBeeHHe 


BS z ae 2P 
O(2)= 1] (1——\exp/— 4 ewe ra \ ({o] = p) 

i \ ee) Ny An 2p parr ] 

* Pynkuua e(r), yqoBnerBopsioujad ycnosuam lim e(r)= 9 u limro’ (r)Inr =0, Ha- 
r>oo roo 

PIBACTCA VTOUHCHHEIM nopsgzKoM pocta. Ecau Aa HeKoTopoti uesol cbynkunn [(z) Bernanna 

a= TAG 
5, = lim pM) (My (1) = mae |f(x|)  ormauHa or HymA mM OecKoHeUHOCTH, TO ¢ (r) 


= \jzl=r 


A3bIBACTCA YTOUHCHHLIM MOpAAKOM pocta JaHHou dpyHKunn. 
4TT 


ITO »%*e KaHOHHYeCKOe MIpOW3BeAeHHe cuMTaeTCA lpwcoeqHHeHHOu (pyHkHen | 
ecuIM p Wesoe HU BeJIMUMHA | 


slim |e ae 
eke EN Oy dee moar 
|Anl <r 


orpaHvueHa. P P 
Ecm 6 = oo, TO IIPHcoeMHeHHOU (pyHkKIHen Mbl Ha30BeCM (pyYHKILHIO 
a we 22 oe 
Zz z 
= | — ex ta —-+...-4 x 
ie 2) il ( An P An 2hn eAG 


st) 2 exp AD NOMOths ie 
— i | Cio | F 9 


rye {ta} — TOCJIEMOBATeJIbHOCTb TOUCK TJIOCKOCTH Z, YMOBJIETBOPAIOMUaAH CJIeELy 


IOWLMM YeTbIPeEM YCJIOBHAM: 
a“) paccrosHMe mo6of H3 TOUeK MOCMeOBaTebHOCTH {nn} OT TOE 


{in exp (=) (C= Ono 20 — 1) Gombe d| dp 9x!) pH HeKOTOpOM d wa 
4 


uuTepBauia (0, 1); 


F n 
8) lim (lvl) <_ 00; 


n->oco | La | 


Y) [ental — | ba | > Alen felea), rae k >> 0; 
a= at An 4 4 
Aplsr “n ual ie 72 


Jiemma 1. Kasdoti nocaedosamenonocmu {hn}, yOoeremeopsiowel ye 
noeuio (3), omeeraem HeKomopan NpucoeduneHNAaA PYAKYUA. 

TlocieqoBatesmbHOCTb {Un}, YOBJICETBOPHIOMad YyKa3aHHbIM YCJIOBHAM, Ke 
HeYHO, He eMHCTBeHHad. Karol nocieqoBaTebHocTH {Un} OyeT COOTBETCT 
BOBaTb CBOA TpHcoemvHeHHad CbyHKIIMA. 

Teopema 1. Jaa mozo, umobu npu abou cucmeme 4ucea {an}, yoos 
nemeopsroiuett yCAosuro (2), Cyluecméosana no Kpatineli mepe oOnNa GyHKyUs 
f(z) © [p (r), ce) co ceoticmeom (1), Heo6xodumo, 4umobol nocaedoeameronocm) 
{Ap} yOoeremeopaaa ycnoeusm (3) u | 

noo | nN nt 


4 


oa,) |< % (4 


n| 


2de D(z) — aban npucoedunennaa GbyHKYyUuAa nocaedoeameabHocmu {hn}, 
Oocmamo4uHo, 4mobol ycaoeun (3) u (4) é6bINoAKAAUCH xoMA Gol OAA COHOd 
NpucoeOuHneHHott MYAKYUU *. 

Beujly Toro, 4YTO [IA WaHHOH NocmeqoBaTembHOcTH {A,} npHcoeqMHeHHad 
CPYHKUMA He CAMHCTBeHHAA, MpelcTaBsideT MHTepec cJlefyloulad Teopema: 


Teopema 2. ITycme cyiwecmeyem yenan dynkyun ®, (z) u3 Kaacca [oe (r), 0) 
makas, 4mo 


Dr (hz) =O (ele aa) 
1 oor lari <= 


lim e(lAnl) 
n @, (An) 


' 1-00 [A 


n| 


* B cratbpe A. ®, Jleoutbepa (4) qokagana aHanoruunaa TeopeMa [WIA WesbIxX PYHKU 
KOHENHOrO NOpAAKAa HOPMANbHOrO THMa, HO TIpH ONOJHUTebHOM TpeOoBanHn — cuMMeTpH! 
MHOKCCTBA Y3/I0B WHTepnowAuMH. Y Hac sTO TpeOopaHe otcytcTByer. Hefasno Ham cTam 
usBecTHO, uTO A. ©, JleoHTbeB ApyruM MeTOoM TaKxKe cHAA TpeOoBanue CHMMeTpu4HOCT 
Y310B MHTCPNOJAUHA HW BbIPasHJI HEOOXOAMMbIe H MOCTATOUHBIE YCOBUA B ApPyrux TepmMunax! 
OToT pesymbtar A. O. JleouTbeBa eme He ony6sMKOBaH. 
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Oa m0ban npucoedunennaa dynkyun D(z) nocaedoeamearvcHocmu {hn} 
sce YOoBAeMBOpPAeM YCACBUIO 
| as 1 


: 4 
Lier reaper a 


Mrak, ecau ecTb xoTA 6b! OHA MpHcoesMHeHHad (byHKUMA MoceqoBaTeJb- 
TH, YMOBJeTBOpAIOMaA yCJIOBHIO (4), TO STOMY YCJIOBHIO yOBJIeTBOpAeT 
me mo06ad ApyraA mpvcoeqMHeHHad (PyHKIWA aHHOl MoOcseLOBaTe/bHOCTH. 
2. Ilopaqok u THN ABJsAIOTCH JOBOJbHO rpyOoli xapakTepHcTuKOH pocta 
ou dyHKunH. Bowee TOHKy!IO XapaKTepucTHKy pocta JaeT wHAHKaTop. Mbl 
€M MOJIb3OBaTbCA OOOOLICHHLIM HHAMKaTOpOM 

—— Z 

h (9) = Vim BLL) 

roo ie 
o (rf) — YTOUHeHHbIN NOpAMOK poctTa JaHHo dyHKUMH. 
PaccMOTpHM MHTeplOJIAWHOHHYIO 3aauy B Kacce WesbIxX (yHKWMH Cc MHIU- 
(OpOM, He IIpeBbILWAaIoulMM JaHHoH dyHKuuH. Mp pews salayy Aa 9TOrO 
gaa, KOra MHOXKeCTBO y3JI0OB HHTepnosauuN Mt ABIAeTCA MpaBYJIbHO pac- 
JleneHHbIM *. CpeqH WestbIx (PYHKUMI, MHOXKeCTBO KOPHEH KOTOPbIX COBIa- 
T C MHOKeCTBOM Wi, ABJIAIONIMMCA MpaBHJIbHO paciipeeJIeHHbIM Mp HEKOTOPOM 
ca3zaTesie p(r) (limo(r) =p), BbImenaioT KaHOHMYecKHe (PYHKIMH. 

T> Cc 


Tipu 0 HeIleJIOM 34 KaHOHHYeCKy!o (pyHKIUMIO MpHHAMaloT 
| ©0 ; ; : 
rig — | _ eee ( zi | a [sen gay z ‘ = : 
eet ww a oe 
pu p IlesIOM — (pyHKILHIO 


Eg 2 4 emesey z e bas 
E@) = exp(cz') IT (1 =) exp (2 L ne Elma th =). 


MKaTOp pocTa KaHOHMYeCKOH (PyHKUHH Ha3blIBalOT HHJMKATOPOM MHO2KeCTBAa 
8) (cm. (7), ra. II). 

Iloctapum Bompoc 06 HHTepnosMpoBaHHH MOCeLOBaTebHOCTH {Anz} Mp y3- 
; {Ap} UevIbIMA CbyHKUMAMH C WHIMKaTOpOM, He MpeBbillarolluM jaHHOH 
akiuu A(6). Ouepyfuo, Takai WHTepnoJiAlWA BO3MOxKHa B CJlyyae, eCJIM 


— In| a, | 
lim ——aaab 
noo |, [Ph (,,) 
6path A(§)<(H(6) Henb3a, TaK Kak [JIA MOCMe(OBaTeMbHOCTA UYMCeI 
= ( dyHkuua F(z) ABIAeTCH PelIeHHeEM WHTepMOJIAMHOHHOK s3aauv, a ee 
UKaTOP CCTb HaHMeHbIUMH, Mp KOTOPOM cywlecTByeT UWesan (byHkIlHa, He 


HaA TOXMeECTBeHHO HYJIIO HU oOpalijaronjanca B HYJIb Ha IIPaBYJIbHOM MHOKE- 


CE (rae ited) as 


* Tlonatve 0 NpaBYJIbHO paclipeeseHHOM MHOxecTBe TOYeK BBefeHo Bb. A. Jlesunyim 
(2), ra. II, § 1). Hanomuum onpegeuenne. MuoxecTBo YR ToueK KOMMJIeKCHOM MIOCKO- 


Ha3bIBaeTCA MPaBHJIbHO paclipeseJIeHHbIM C NoKasaTeviem  (r) (lim pe (r) = e) MpH pe — He- 
roo 


IM, €CJIM OHO HMCe€T YrOBy!IO MJIOTHOCTh MpH STOM MOKagaTese, T. e. CCIM AJA BCeX 
enn @ HO (O< 9<0< 2n), 3a UCKJIOUeCHHeM, ObITb MOXKET, CUCTHOTO MHO?KECTBA Cy- 
rByeT pee ; 
il Alle 
lim 2T, @) 8 Ze CS), 
rzo  e (7) 
n(r, 9, 0) — yucmO ToO“eK MHOKecTBAa I Bcextope |z|<r, p<argz <0, um mpm pe ue- 


, CH KPOME YIJIOBOM IJIOTHOCTH MHOKeCTBA 9g cymlecTByeT TakOe YHCJIO C, TO BeJIU- 


Wdeqi ets 2 set bO=P0-: >, 6m 


L(r) lAnl<|r 


T TpeyesI pH fr — ©o. 
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cTpe {Ay} (cm. (1), ra. IV, § 3). Takum o0pasom, A (4) eCTb HavMeHbul 
MHMKaTOp, pH KOTOPOM BO3MO7KHa NOCTaHOBKa yKa3aHHOM MATeprOJALMOH 
ganaua. Kaacc Webix (pyHkuwuii c MHAMKaTOpoM, He npeBbluaiomluM H (4), oO 
3Hauum uepes My. Oxasbipaetcx, 4TO B Kslacce (byHkiui My wHTepnosall 
OHHad 3aflaua paspelruMa. 

Teopema 3. IIycmo mxoocecmeo y3a06 unmepnoanyuu {hy} AbAaem: 
NPaBUALHO pacnpedereHAbIM npu noKasamene p(r) C UKOUKAMOPOM MHO 
cmea H (8). Jaa. moeo umobor npu «robot cucmeme 4uceA {Qn}, yOosremé 
psuowel YCAo6UutO 


Tim In| a, | 
im 
A ; 
pee rs jet nH (p,,) 
cyuecmeosana no Kpatinett mepe odna dynkyus f (z)€ My co ceoticmeom (I 
HeOOXOOUMO U OOCMaMO4HO, 4MOObL BOINOAHANOCH YCAOBLUE 


1 


F’ Ay) 


S 
e(|A yl) = 
A (Yp) 


<1 (0, = arg,,), 


In 


jim 


n> | 2, | 


— 1, 


20e F (z) — Kanonuueckan PyAKyUs. 

3. MuoxxecTBO y3JIOB MHTepMoJAWMH {\,} MO2KeT OBITh pacmoO*KeHo He | 
BCeli MJIOCKOCTH, a BHYTPM HeKOTOpOorO yruia (%,8) HM WMeTb yruoBylo MV 
HOCTb pH moKasaTese p(r) (limp(r) =p) BHyTpu sToro yrua. B 9ToM cay 


f—0o | 
Ip 9 WesIOM BO3HHKaeT 3ajaua O JONOJIHeHHM JaHHOrO MHOXKeCcTBAa JO MpaBK 
HO pacmpefenenHoro. Mb orpaHwuuMca paccMOTpeHveM 3ajlauH mpu p(r) =|} 
B 9ToM culyuae KaxKOMY JONOJIHeHHIO, NopoxKAawouleMy MpaBMJIbHO pacmpe} 
JIGHHO€ MHOXKECTBO, OTBEYaeT KAHOHHYeCKad (pyHKUWA KOHeYHOH CHCTeMbi 
onpefesIeHHOH MHIMKaTOpHor JMarpamMouw. Mp Ha30BeM HavJIy4IMM JONOJIHeHH 
TO, KOTOPOMy OTBeyaeT HHAMKaTOpHad jJiMarpaMMa HaMMeHbIleH JJIMHbI. 

Teopema 4. Kaotdoe muxostecmso {hn}, pacnonoscenHoe BHympu Ye 
(«,8) u umerowee 6HYMpU |9MOeO YeAA YeAosytO NAOMHOCMb C noKasameA 
p(r) =1, umeem Hauayuuee Oonoanenue Oo npasuAbHoeo. 

Ilycrb Fy (zZ) — Kanonmueckasd (byHKUMA Hawtyuluero ponomHeHus, H, (6) 
ee WHAMKaTOp. OueBuqHO, UTO CJleyeT WCKaTb pelleHHe MHTepMOMAUMOHHE 
sayauv pw ysax {\,}, exKalllMx BHYTpH yrvia («, 8), B Kulacce WembIx (byH 
WMH C MHAMKaTOpoM, He MeHbiuMM /7/,(%). Kaacc Wembix dyHKUMH c MHIMK! 
TOPOM, He MpespiluaroujumM 7, (9), o6o3Hauum yepes Ny. 

Teopema 5. IIlycmb mxoocecmeo ysa0e uAmepnoaayuu {hn} pacnorodk 
HO eHympu Yena (4,8) uw umeem Yerosyio NAOMHOCM’ Npu noKasame 
o(r) = 1 exympu smoeo yeaa. Lana moeo umo6or npu arwOoti cucmeme «uct 
{Qn}, yOoenemsopsowet ycaosuto | 

ae In|a 


nh 

AME ACH Mae | 

Cywecmeogana no Kpatinel mepe odna dynKyua f (z)€ Ny co ceoticmeom (I 
HeOOXOOUMO UL OoCMAMOLHO, UMOHLL BLINOAHAAOCS YCAOBUE 
pr a be | 
nak Fp) 7900 
BM Tes Ope ae 


n—->o 


In 


B saksioueHHe BbIparkalo rilyOokyio GjarofapHoctp B. A. Jlesuny 3a m 
CTaHOBKY 3aJa4uH WM MOMOL{b, OKa3saHHylO MHe Mp padoTe Hal TeMoii. 


Iocrynuso 
30 III 1957 


UMTHPOBAHHAS JIMTEPATYPA 


- A. ®. JJeoutbes, JAH, 66, Ne 2, 153 (1949). 26. A. Tesun, Pacmpeneven 
KOpHel Wembix (yHKuH, 1956. 
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Joxnzangn Akayqemun nwayxr CCCP 
1958. Tom 120, Ne 3 


MATEMATHKA 


A. WATMHPO 


EOMESHUECKHE MOJIS HANPABJIEHHM HW PPYMMbl FOMOTETHH 
B IIPOCTPAHCTBAX A®®HHHOM CBA3HOCTH 


(ITpedcmasaeno axademuxom II. C. Anekcandposoim 13 XII 1957) 


I. [lonarve reogesuueckoro noma HanpaBreunli B A, (n-MepHoe lpocTpaH- 
‘BO a(PPHHHON CBASHOCTH) ObIIO BBeELeHO aBTOpOM (1) w 3arem XaxTbecom (2). 


MM3KUM K HEMY ABJIAe€TCH MOHATHe TOpcooOpasyiomiero MOA HanpaBweHnit, 
seenHoro $1HO (°). 


Ilycrb B Any; (1 > 2), OTHeECeHHOM K KOopaMHatTam x*, nove HallpaBsieHui 
JJaHO BEKTOPHBIM T0JIeM 


ine) pale, 10 e<, (sth ee ears 


AByMepHad MOBepxHOcTh (S) oOpasopaHa TpaexTopuamu («A-JMHMAMM>) BeK- 
ypHOrO Toa A”, MepecekatolluMA reomesHuecKyIO JIMHMIO An41- 
_ Ecam nopepxuoctp S, mocrpoenwaa via soo reoxesuyeckoli, Brome 


onesuuna, TO moje HalpaBvieHH, onpenenaemoe A”, Ha3s0Bem reole3u- 
ecK UM. 

Heo6xoyumple MH flocTaTOUHbIe ycJIOBAA Toro, 4YTOObI Nowe HallpaBJieHun, 
encTaBeHHoe A”, Oplsio reowesHyecKkuM, cocToNT B paBeHcTBax (2) 


Avs = Tsp + Bg A’, (la) 
Rig 4 = He sa (16) 


le 7 —nekoTopaxd cKasiapHad dbyHKuna; Be, 1, u Fes — HeKOTOpbIe TEH3OPHI; 
“g OOO3HA4YaeT KOBapHaHTHy!0 MpousBoyuy1o ot A* uKpyrsble cKOOKH — CuM- 
STpMpoBaHHe MO coflepxKallluMca B HAX WHeKcaM. 

Ecum wMeeT MecTo JiMmb (la), TO Noe HampaBJeHHii HasbiBaloT TOpco- 
OpasylouluoM. 

B mpoctpaHcTBe MOCTOAHHOM KPHBM3HbI JOOOe reofesvyeckoe Mose Halpa- 
IeHHH OOpa30BaHO HallpaBJIeHHAMM MIpsIMbIX JOGOH cBa3Ku. Bomee oOntuM 
JUMEPOM IIPOCTpaHCTB, COMepKallUx reojesHyeckue NOJIA HalpaBJeHUl, ABJIAIOT- 
| CYOMPOeKTHBHbIe MpoOcTpaHcTsBa. 

C reofe3vyuecKHM TOJIeM HalpaBJleHu TeCHO CBxA3aHO MOHATHe CHCTeMbI 
yrei, BKO“eHHOK B Ap. Ecim B HeKOTOPOH cCHcTeMe KOOp]MHAaT 


‘(1 =0,1,...,”) n—I1 ypaBHennit cucTempl reome3uyecKux Ap4y MOFyT 
ITb HalMcaubl B Bue 
fe Gant) 0; (5 Os 1a TA ree R28 (2) 


yepxKa 2(2— 1) tapametposB Co TakHM O6pasom, 4TO MocsesHHe OHO3HayHO 
IPE eJICHbI PAaBEHCTBaMH 


fa(Co, wi) =0, fa(Co ui) =0, 


) Any, BKOUAeT CHCTeMy IlyTeH (2). 
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Cy6npoextusHoe mpoctpaHeTBo (An4, WH Vn4ti) MOxKeT ObITh OXapakTepu 
30BaHO KaK HpOCTpaHCTBO, BKJOUAIOMee CHCTeEMY MpAMbIX M-MePpHOTO €BKIK]O 
Ba IIpocTpaHcTBa. 

Jloka3aHo, YTO CHCTeMa MlyTel, BKWIOUeHHaA B Ap41, SABMACTCA CHCTEMO 
reoesHueckux HekoToporo An H YTO HEOOXOJMMbIM M JOCTATOMHBIM YCJIOBHE 
BKMIOUeHHA B Ant, N-MepHOW CHCTeMbI nyTeH ABIAeTCA HaiMuve B Hel reoyle 
3MYeCKOrO MONA HallpaBseHH; BKJIOUeHHaA CHCTeMa IlyTeli H3OMOpcHa MHOXKeE: 
cTBy JIMHMH, MosyyalonluxcA MpoeKTHpoBaHueM — NOCpeACTBOM TPpaeKTOPUk 
reojesuuecKoro NOJIA HanpaBJieHHii — reowesMyeckUX VJIMHMH An41 Ha Kakyt0 


mu6o ero rumepmopepxHoctp (*). : ; 
Il. Tyerh Amn ComepxKuT m TeojlesMyecKHX MOvJeH HaMpaBJeHHN, Mpef) 
a | 


=. 


CTaBJIeHHbIX BeKTopamu A”, yyoBmeTBopsiontuMH (la), (16): 


a a a es 
Are Te AS (2a 


Rea AY =H (ss +. Feo A’. (26) 


uenua 1,...,m, WHeKcb] oT i HM flasee— 3HaveHHA m+ 1,...,m+n 
WHJeKCbI TpeyecKoro apaButa mpoOeraloT Bce sHayeHuA 1,...,m-+n. 
Kak BbITeKaeT M3 paBeHCTBa (2a), JIA BeKTOpa-KOMMyTaHTa 


a b 


Life anoles bee 
(A, A) —=AcaA — ZA oA 


WMeeT MeCTO 
a 


a b a Daa Be b a be “3 : 
(A, AY SP — Bea) AP BAA] (i 
Orcioa cE NVeT CylleCTBOBaHHe KOOPJIMHAaTHBIX CHCTCM (oOpa3yrollux 


OyeM TOBOpHTb Kslacc %’), A KOTOPbIX TpaeKTOPHM BeKTOPHBIX Nowek 
ABIAIOTCA KOOP]MHATHbIMH uW?-JIMHAAMH. 

Teopema 1. Ecau Antm codepocum m eeodesuueckux noaed Hanpa: 
nenuti, mo 6 KoopOuKamax u* Kaacca %’ OAA eeo KoaPPuYyueHmose CéxA: 
HOCMU uUMmeem mecmo: 


Tap = Tag (u’) + (asp), 

Tg = Wee (u?, u'), Tig = Wap (u*), (2 
P P 

0.) 0, 


20€ Ya Hekomopole yHKyuu, Tze u Iig—nexomopole yAKyuUu YyKasaHHold 
apeymenmose u uxdeKc Pg npobeeaem ece 3Hauenus 1,...,m+n, 3a UCKAWM 
ueHuem OOHO2O, UMeHHO a. Haobopom, u3 ycaoeuti (3) caedyem, umo Koop) 
OunamHole Ut-AUNUU ABASIOMCA MpaeKMopuAMU eeodesU4ecKUX nore Hanpae 
Aenutl. 

Kak caenyet v3 (I), Anim, CoMep2xalllee m reofesHuecKHXx Move HampaB) 
JIeHHH, paccylaMBaeTcA Ha co” MOAMpocTpanHcTB mM W3MepeHHH, HeECyOIMX Tpaek' 
TOPHH 9TUX Moen. 

B cnelivasibHoW cHcTeMe KOOpfHHaT KJacca &’ mMosNpocTpahcTBa 3TH COB) 
MayaloT C KOOPAWHATHBIMH MHOrooOpasHAMM, Ha KOTOPbIX MeHAIOTCA JIU 
KOOPJHHaTbI U2, OHH, OKa3bIBAeTCH, ABJIAIOTCA BNOMHe TreojesH4uecKHMH MHOFO 
oOpa3HAMu; KpoMe TOFO, KaxKOe H3 HAX OTOOPaxKaeTcA Ha -MepHoe 3BKJIMOBE 
MpOcTpaHcTBO TaK, 4TO TeofesHyeckve NepexOAAT B psAmble. CymlecTByloT} 
B CBA3H CO CKa3aHHbIM, TaKHe KOOpHHaTbI u* Kwlacca 4’, uTO B ypaBHeHHAy 
reoesHyeckol, IpHHayviexKalllelt MHOrooOpasuio wu’ = const, TeKylllue KOOpMHaTH 
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| 


| 


CBASAHbi JIMHCHHbIMH COOTHOLWICHHAMH; KwIacC TaKHX KOOP/IMHATHbIX CHCTeM 
opem &”. Jinx KOOpaMHaT w* Kmacca &” wMeeT ecto, pa3ymeertca, (3); 
Me TOPO, MOXHO IOJIOKMTb (HOPMHpy COOTBETCTBYIONIMM oO6pa30M 
MUHHbI dq) 


a 
ite =, 0. (3a) 
HaoOopor, ecm uMetoT Meco (3), (3a), TO cucTeMa KoopsuHaT — Kslacca X”, 
a 
Ilyctp A* — m Bextopos (m> 1), npexcrapsstouux m reojesHueckux Movieli 


a 
(paB.IeHHH B An4m, H BO3MO%KXHO HOPMHpoBaHHemM — yTeM yMHOxKeHuA A” Ha 
OTOpble (PyHKIMOHAaJIbHbIe MHO*KeTeIM —OOuTLCA TOrO, UTOGHI: 1) TIA IMOOIX 


a 
TOAHHbIX 3HAYeCHHH Ag BEKTOP dra AC ompememseT reofesHyuecKoe move 


a 


a 
papseHHii; 2) Mexyy BekTopamu A® HeT JIMHelHOM 3aBHCHMOCTH Cc MOCTOAH- 
m Kooppuunertamu. MuoxecTso reofxesHuecKHx Movlel HallpaBJeHHH, 


a 
ejesiaemMoe B 3TOM CJIyyae BeEKTOPaMu Sed", Ha30BeM JIMHeEHHBIM 
a 
oroodpa3uHem reowe3s3Hv4uecKuXx nomen HanpaBJeHHu 
—]l u3mMepeHHii. 


a 
Bextopupie noma A“, omvcaHHbIM oO6pa30M HOpMHpOBaHHble, Ha30BeM 
[OpMHpOBaHHBIMH. 


a 
Teopema 2. Jan mozo umo6oi eexmopot A”, yooeneméeopsoujue (2a) u 
)), Oolau L-Hopmuposanel, HeoOxodumel u Oocmamo4Hel pasencmea 


| 1 m 1 m 
js Te ety ie ghee ne ed ees 


Teopema 3. JIza mozo umobel 2eodesuueckue nonA HaNpabAenutl, onpe- 


a 
emole A*, npuxadnexanu auHxetiHomy mHoz0oOpa3uto nodobHolx nosed, 
a 


6xo0dumo u Oocmamouno, umobel: 1) pasKocme smboti nape eexmopoe Bg 
| m 


1 
(2a) Ovina eexmop-epaduenmom, 2) Fag = Fa. 
Teopema 4. Ecau Antm Oonyckaem aAunetinoe mHoeoobpasue eeodesu- 
KUX none NanpaereHuti m—1 usmepenuli, mo cywecmeyiom makue 


a 
pounamol u* Kaacca &", OasA Komopelx Bexmopot A* = bq (npedcmasasiouyue 
2eeodesuuecKkux noreli Hanpasrenutl) L-nopmuposanol. 
Ha3opem ux (T. €. KOOPAMHATHI u*) KOOPAHHaATAMHM KMacca %. 
Teopema 5. Kosguyuenmo ceasnocmu Anim C AUNeHbLM mMHO2000 pa- 
Mm eeodesuuecKUux noneti HanpaeaeHull m—1 usmepeHutt @ Cucmeme KOOp- 
4am (u*) Kaacca S umewom eud 


“bo = be + G80), 


ms =0, Wje=0, Wj, = Ij, (w'), War = Ws (*), (4) 
a 
TP; = wu" Ci; (u*) + Di; (u*), 
° a 
©, — HeKOomopole GYNKYUU, Ijn, Uz, Czj, Diz — HeKxomopole Pynkyuu yKa- 
HblX Apeymenmoe; UnOeKC Pq npobeeaem bce sBHaKeHUA L202, ft 2h, 8a 


AOUCHUCM Q. 
O6paTHoe Tak?Ke CipaBe/JIMBO. 


a 
Ill. Ilycerp A* SE — oneparops rpynmbl (m-ro mopsjjKa) aBTOMOpdHBIX 
x 
o6pas0BaHHl An+m- 
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a 
Ecum movie HanpaBJIeHHi, ONpeesIstemMoe BEKTOPOM ra A* mo6oH Of 
a 
WJICHHOH NOMpynMbl, ABJIAeTCA YTeowesv4yecKHM, TO lmpeoOpasoBpaHva rpynl 
Ha30BeM TOMOTETHAMH NpoctTpauctTBa Anim. | 
MakcumasIbublit nopaqoK rpynnbl romotetui A, peasmm3yetca B a(pbHHH 
HallpHMep, MpocTpaHcTBe; WpeoOpa30BaHHA CBOMATCA B 9TOM CJIyyae K TOMOT 
THAM B OObIUHOM CMBICJIe, KOTOPble B JeKAPTOBbIX KOOPMHAaTaXx 3afaloTcA Ta 


WEEDON Oe ieee ha S70) 


rie 6, a’ — napamerTppl. 
Teopema 6. Heodxodumole u Oocmamounole YCaosusA mozo, 4mo 6eKtr 


a 
po A*(a=1,...,m) onpedeastom 6 An epynny eomomemuti m-2e0 nopsdK 
cocmosm 6 paeencmeax 


a | 
ede Ha T, Be we Hakaadbleaemca KakUuXx-nubo Oepanu4enutl (He ebimeKarouyh 
U3 HANUCAHHOLX paeeHcme). | 

Teopema 7. Ipynna eomomemuti m-eo nopadKa npocmparncmea 
AOKANGHO-U30MOPPHA epynne eomomemut (m— 1)-mepHoeo adbqduxHoeo fh 
cmpaucmea. 


Teopema 8. [eodesuueckue nova nanpaeareniti, onpedeasemole 6eKmo; 
a 


mu A, npouseodsyumu @ A, epynny eomomemuti m-eo nopadKa, npuHnadsedts 
(m— 1)-mepxomy aunetinomy mNoeooOpasuto maKux nose. 

Teopema 9. Cucmemo nymeti, examuenHole @ A,(3) nocpedcme 
6eKMOPOS epynnet comomemuti, usomopqHel. | 


ToppKoscKuii rocyZapcTBeHHbIli yHuBepcuTerT Hocrynuso 
um. H. UW. Jlo6ayesckoro 23 II] 1957 


UWMTHMPOBAHHASA JIMTEPATYPA 


Dns Wamp OM WAH, 932, 237 (194). 2 J.eH tava 1 tjes, Nieuw Arch. Wiskam 
2, Ne 2—3, 97 (1954). 3 K.J ano, Proc. Imp. Acad. Tokyo, 20, 340 (1944). 49.Iann: 
Martem. c6opy., 36 (78), 1 (1955). j 
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Jornaane Akanemun nwayr CCCP 
1958. Tom 120, N 3 


PHHUPOMEXAHHKA 


A. T. KYJIMKOBCKHH 


O CPEJAX, JONYCKAFOUIMX OJHOMEPHDBIE JIBU)KEHNA 
C OMHOPOAHONW JE®OPMAUHEN 


(IT pedcmaéaeno akademuxom JI. H. Cedoseim 23 I 1958) 


-Ognomepuble JBY2KeHHA C OJHOPORHOH edopmalueli, T. e. [BM KeHUA, 
WIMHHATOULHeECA YCJIOBHIO 


SOTA (1) 


me f — paccTOAHHe YaCTHIbI WIM JO HEKOTOPOH MIOCKOCTH, HIM JO OCH, HIM 
) TOUKH, a fy— TO Ke paccTosHue npn ¢t = 0), paccmaTpuBauch B pa6orax 
°), mpwuem cpeya CuHTasacbh COBeplleHHbiM ra3om. Huxe faetca oTBeT Ha 
poe: KaKOMY YPaBHeHHlO COCTOAHUA O/2KHA MORYMHATHCA Cpeqa, MoMycKa- 
Wad OJHOMepHble JBUXKCHUA C OFHOPOAHOH jecdopmaluel. 
| Paccmorpum fBa cilyyaa: JBuxKeHve yOBMeTBOpAeT HOO yCOBHIO alua- 
ee ocrs OS/dt = 0, smH60 ycenosuio OT/dr = 0 (T —vremneparypa). 
PaBHeHHA COCTOAHHA OYeM HCKaTb B NepBOM Cuyuae B Bue P = Px(e, S), 
BO BTOpOM CJIyuae B Buse p = P(e, T). 
 Ecau BHeLUIHMe CHJIbI OTCYTCTBYIOT, a BHYTPeCHHHe HalpA2KeHHA CBOMATCA 
‘WlaBJIeHHIO, a Take B HeEKOTOPbIX APyrux clyyaax (kak, Halpumep, mpu 
WIMUHH TpaBuralun (*)) 43 ypaBHeHHA AMMYIbCOB mpu ycoBuH (1) BbITeKaer, 
x0) 

Sai a ily (2) 


M€ Oo — HavaJIbHad MJIOTHOCTb. 
Papenctso (2) OyeT HMCXOMHDIM B [laJIbHeMIUMX paccy2KeHHAX. 
M3 papeuctsa (2), cuutat p(fo, t)=p(Po, t) (Po (fo) —HavasbHoe aB- 
2HHe), MOJy4YHM 
ad epee) ae 
ap, 1 
rkyjla culeqyer 
P (fo, t) =F (t) po (To) + ¢ (E). (3) 
O6osHauaa p/p) = a(t) H BBOWA «(t) HM O9(fo) B KaveCTBe HOBbIX TlepeMeH- 
DIX BMeCTO ft HM fo, MepelMuleM paBeHCTBO (3) culeMyIOULMM OOpasom: 
Pi (ep, S) = Pr (%Po, S(P0)) = Fr (%) Por (Po) + 1 (%) 
Po(o, T) = p2(%Po, T («)) = f2(%) Pos (Po) + G2 («). 
Bea OOpaTHble (yHKUMM po(S) u «(T), Momy4uM OKOHUATeIbHO ypaBHeHHA 
ICTOAHUA B CJIELYIOULeM BH: 


pre, 8) = fr( Sy) Pos (60 (S)) + 1 (Fs) 


pa(e, T) = fa (T) poa(say) + 92 (7), 
ne o9(S) u «(7) —3ayanupie, a f, Po H 9 — MpousBoubHble (yHKILMH. 


(4) 


(5) 
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Tenepb HalijleM Te H3 9THX YpaBHeHH COCTOAHMA, KOTOpble OMycKar 
OJHOMepHEIe J[BMXKeHHA C OMHOPOMHOH epopMauveH pH MOdbIX (byHKUUs 
po(S) u «a(T). Jina 9Toro paccmoTpuM cHayana cayda S (po) = cor 
u T («x)= const. Toryga p B paBeHcTBax (4) He 3aBMCHT OT BTOpbI xX apryMeHTG 

2 


IIpumMenasd K O6eHM YacTAM 9THX PaBeHCTB OMepaTop a3bn ean 
0 


% OL, 
pry aren 
(Ble Sik Py ; 


, NOJIY 4h 


rye WTpHxoM o6o3sHayeHa MpousBoqHad m0 p. Ilocue MHTerpalMu 2TH paBeHC 
TIpMMeT BHI: 


Pi(e, S) = Ay (S) p% + Bi, 
P2(p, T) = Az (T) ep + B; (T), 


re Ay, y, 4 By, Boo6uje roBopa, ABJAloTCA dyHkuMamu S, a As, y. U By 
dyHkunamun 7. Ho cpaBHuBad 9TH BbIPaKeHHA C paBeHCTBaMH (4), MbI 3aMeTH 
4uTO y,;=const, y,=const, B,=const. Ecau pedopmauua ogHopogna, | 
HeENMOCpeCTBeEHHOM MpOBepKOH JIerKO YyOeuTbCA, YTO MpH YTHX YCJOBU} 
paBencTBa (6) JeHCTBHTebHO yOBJIeETBOpAIOT ycmoBHtoO (3) MpH smOG6BIX (yH 
WAX S (09) u T (a). 
j 


Mockosckuli rocyapcTBeHHBIM yHUBepcuTeT Tlocrynuse | 
um. M. B. JlomouHocosa 7 1 1958 | 


UMTHPOBAHHAA JIMTEPATYPA 


7A.T. Kyauxkoscexunl, JAH, 114, M5 (1957), *H.M.AsopcxKaa, JAH, 
Ne 5 (1957). *&J.B. Keller, Quart. Appl. Math., 14, Ne 2 (1956). 


iW Cex oe, JAH, 90; NS (1953). 9 M. Jy Jin a oB, JIA, 797, eS usd 
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Jlokaann AKanemun HaykK CCCP 
1958. Tom 120, N 3 


PHBHKA 


| H. Tl. BOPOPOAKMLKHH, 10. M. BOJIOKOBHHCKHAM u HU. Jt. ®PAABEPr 


QJIEKTPHYUECKHE CBOHCTBA JIM9JIEKTPHKA C NEPEMEHHbIM 
YUCJIOM PEJIAKCATOPOB 


(II pedcmasazexo akademuxom A. ®. Hogde 20 II 1958) 


 Uiszecruo, uro ecru nouapusallua cBA3aHa C OpHeHTallneli ZunoneH win 06- 
SOBJIEHaA TepeOPOCOM HOHOB H3 OAHOTO NOOKeHHA PABHOBeECHA B Apyroe, TO 
1a YCTaHaBJIMBaeTCA He MrHOBeHHO MOCJI€ H83MCHEHHA NOIA, a B TeEGeHHe HeKO- 
yporo BpemeHH. Takax NOMApUsalluA HasbIBaeTCA PeaKcalMouHOH TOJA Pus a- 
ze. Vonbt wim unomn, BuxKeHNe KOTOPHIX MPHBOAUT K pesaKCallMOHHOH M0- 
ipHsallMH, Mbl Ha30BeM peJlakKCaTOpaMH. 

Jlenaror pasIMIHble MpeANOsOKeHUA O 3ABHCHMOCTH BEJIMYHHbI pesaKCallHoH- 
UM MOA pH3 alu OT BpeMeHH ee ycraHoBseHUa. B uacTHOCTH, Mpeqmosarator, 4TO 
ICJIE BHIKJIIOUCHHA TIOJIA peaKCalMOHHaA NOJApHsayuA P co BpemeHem ucde- 
1€T 110 3aKOHY: 


P = Pe-th, (1) 


le P) — pedlakcalltHOHHad MOJApPH3alluA MO BbIKMOYeHHA MONA; t — Bpema 
TCUHTHIBAeEMOe C MOMCHTA BBIKJIOUCHHA NOA, Mt — BPeMA pewakcallHH. 

_ Ecum nome B QH3aIeKTPpHKe CHHYCOMaJIbHO W3Me€HAeTCA CO BPeMeHeM C KPpy- 
IBOH YaCTOTO w, TO, BBAAY pesakCallH NOMAPH3alluu, WMIIeKTpHyecKad TIpo- 
WIaeMOCTb Ha JaHHOH yacTOTe ¢ MOMKET OKa3aTbCA HH2%Ke TOU, KOTOPY!O AM3Iek- 
DHK MMeJI GbI B NMOCTOAHHOM Move. 


HesaBucumo OT NpHposbl NOAAPHSALLUU, CCIM BbINOMHAeTCA paBeHCTBO (1). TO 


Soh Grn 
© leo Ee one 80 7 Tp eae i 
ew (f, 2p) OF — A TKOT 

tg l= Spey ~ ax tit ele, ' S 


je c,— CTaTHyecKad JMSeKTPHYeCKad MPOHHUAeMOCTh; ¢9 — AU3JIeKTpHyeckan 
POHMIaeMOCTbh Ha BbICOKOM YaCTOTe, Kora PedaKCalMOHHaA MOJApM3aluA He 
OSHUKaeT, Hx — CTaTHYeCKad peslakcallMOHHad JJIeEKTpHyeCKad BOCIPHAMYMBOCTD. 

SapucumocTb tg6 oT @ HMeeT MaKCHMYM IIpM yacToTe, oMmpefedaemon u3 
‘CJIOBUA 


€ 
Oe aes 4 
Ao het eee) 
Cone (4) 
MakcumMaJibHoe 3HayueHve TaHreHca YyIJla UMSJIEKT PHYCCKHX MOTepb PaBHO: 
e.—é As € 
9 oy Ss 0 Ss 5 
tg Omax = De, eee (5) 


IIpeqnouarator, yYTO BpeMA pevlakcaww T 3aBUCHT OT TeMIIepaTyPbI IKCIIO~ 
IGHUUAaJIbHO, T. €. 
c= HOV ihr, (6) 


Ie t) — BPeMA pesaKcallMH MPH OYeHb BBICOKOH TeMMepaType, V — 9neprua 
iKTUBaUMN, RT SV. 
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O6pl4HO MPH MCCeMOBAaHHM AHIWICEKTPHYeCKUX NOTePpb CYMTAIOT, YTO IHC 
pemaKkcaTOpoB He 3aBucuT oT Temnepatyppl. [Ip stom mpesmouoxwKeHHA TeOpy 
MpeycKasbipaeT TemMMepaTypHbI MakcuMym tg6 mpM * M TemMepatype, onpepy 
JIeMbIxX M3 ycuopul (4) u (6). B cayuae Hu3KHX TemMepaTyp M OosbII 


yaCTOT TaKHX, YTO wt > e¢,/e), CUPaBeJIMBbI NPHOJM2KeHHbIe PaBeHCTBa: | 


pg es 2 OR a er eee eee (| 
0 = on? (ome | 
yee 4 | 
Q Ss 0 = 
aba ices Acc bs ] 
ee By leal., fyi (| 
tg 8 OT) 


OGuIMpHbIM SKCMePHMCHTaJIbHbIM MaTepHaJI MOKa3bIBaeT, UTO MpecK 
3bIBaeMbIM TeopHeli TemNepaTypHbI MakcumMyM [go B psye culyyaeB He OOHap 
*KuBaetca (1, 7). YKa3aHHOe MpOTHBOpeyve MeXKLY TeOpHeH MH IKCNePHMeHTA 
BOSHHKaeT H3-3a YIpOUaloulero MpeANOORKeHHA O HESABMCHMOCTH UHCJa pel 
KCaTOpOB OT TemMepaTypbl. OnbiTHble JaHHble CBHJeETeJIbCTBYIOT 06 YyBeJIM 
HHH YHCJIa PesakCaTOpOB C MOBbILMeHueM TemMepaty pb! (?). B cryyae WHNObH 
JM9JIEKTPHKOB BO3pacTaHHe U4CIa pelakcaTOpOB, COrlacHO YyTBepKJeHk 
Jle6aa, OObACHHeTCA TEM, 4UTO C NOBbIWeHHeM TeMIepaTyPbl YBeJIMUMBae? 
YMCIO WUMOeH, KOTOPble MOryT NOBOpayHBaThca Ha Oowbuine yrubl. IIpu uy 
KHX TemMMepaTypaxX 9TH AHMOIH HaXOJATCA B «83AMOPO?KCHHOM» COCTOAH 
M BOSMOXHbI JIMWIb YUpyrve NOBOPOTH! AMNOMeH Ha MaJIble YIvIbl. 

CkaHaBH MOJlaraeT, UTO B PARe THBICKTPMKOB, B KOTOPHIX pedakcallHo 
Had NOAPH3aluA CBA3SaHa C JBH2KCHHEM HOHOB, C YBeJIMYeHHeM TemMeparyy] 
BospacTaeT 4HCJIO pesakcHpyroulux HOHOB (+). IlpuH HusKOH TemMepatype HOF 
HaXOJATCA B 3aKPeMJICHHOM COCTOAHHH, H3 KOTOPOrO MOryT OCBOOOANTECA FM 
HarpeBaHHn AuoeKTpuka. JeicTBue NOMA Ha 3aKPeMJICHHbIM MOH MpHBOR 
TOJIbKO K erO YIIpyrOMy CMeLCHHIO OKOJIO NOO*KeHHA 3akpenseHua. Ja oc 
OO*KCHHA HOHA H3 3aKPeMJIeHHOrO COCTOAHUA EMY HEOOXOAMMO COOOWIUTh 3HE 
ruio U, KoTOpy1o MbI Ha30BeM SHeprHelt BOSOyKTeHUA pelaKcatopa. OcBog 
AMBIUMHCA HOH MOMaaeT B NOTeCHILMaJIbHY!IO AMY, KOTOPAaA OTMeMAeTCA OT COCK 
HeH TMOTeHIMaIbHOH AMbI TaKOM 2e PIYOMHbI NOTeHIMaJIbHbIM OapbepoM C B 
coro V, a OT OCTaJIbHbIX MOTCHI[MaJIbHbIX AM Oouee BbICOKHMH Oapbepa 
Ilepexoy woHa 43 OLHOH NOTeHWMabHOH AMbI B Apyryio u OOpaTHO MOXeT mph 
BeCTH K BOSHHKHOBeHHIO PeJlaKCalMOHHOH MOJIAPH3alluu B CTyuae MOMeleH! 
JH3JIEKTPHKa B IIe€KTPHYeCKOe ToVe. 

PaccmorpuM cyulyyal, Kora UMCIO pesakcaTOpoB BOspacraeT C TemMepay 
pou. [IpeqnouoxuM BHaYase, UTO 3aBHCHMOCTb PeakKCalMOHHOM NOMApPHsallHH 
B MOCTOAHHOM NOJle OT TemNepatypbi 7’ onpeyxemnetca cbopmysoli 

—U|kT 
P= ,Preoens (l 
rye U — sneprua Bo36yxKJenna penaKcatopa, Py — nocrosuHas. B Janbae 
eM moJ10xKeHHe (10) sameHum Gomee copepwiennbim. V3 (10) cnenyer: 


| 
| 


—U|kT | 
% = xe : @l 

rye %) — mocrosHHaa. 
Bcayyae U = (0x ne 3aBucHT OT TemMepaTypbl H MOmyuatorca cbopmy. 
ea ®opmyapi (1) — (3), (6) ocratorca cnpaBequBbIMM M TOra, KOr 
Ecm U#0, ot >1 u wt>4rx /&, TO, BOCNOJb30BaBLUMCb 3aBHCHM 
cTamu (2), (3) u (6), Nomyunn: 


4x, 
peat me (1 
Ar 
= — (U+V)|RT 
tg EyOT, e 7 (1) 
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PSs anty. 4 Sv 
tg $ WT, e : (14) 


CpaBHuBad SHepraH aKkTMBallMM BeNMuMH e—sc,, tgd nu (¢—s,)/tgd 
IpHHWMaaA BO BHuMaHMe (7) — (9) u (12) — (14), MoxHo pelmMTb, H3MeHaeTCH 
WHCIO peyiakcaTopoB c¢ TemMmepaTypoH. Ec  9Heprun akTHBallMn 
—e«,)/tg6 utgé paBHbl Apyr mApyry, a sHeprua aKkTuBalMH ¢—e, B Ba 
’a OOJIbIUe, TO UHCJIO peakKcaTOpOB He H3MeHAeTcA c TemmepaTypol. Ecam 
IOUleHHe SHEP akTMBallMH ¢—<¢, WH tgd MeHbIe JBYX, a 9HeEPruA aKTH- 
[MH tg6 OoubWe, YeM 9HEPrHA AKTHBAalMH OTHOIIeHuA (¢—s,)/tgd, TO 
IO pesaKCaTOPOB pacTeT c TemmepatypoH. He3apucumo oT Toro, M3Me- 
TCH JIM YMCIO peslakcaTopoB c TeMMepaTypoli HH HeT, U3 TeMllepaTypHOu 
JMCHMOCTH OTHOIMeHHA (¢ —¢,)/tgd MoxHO onpefzemutTh V. [Ip conocras- 
IMM C OMbITOM HeOOXOMMMO, UTOOLI BEINOTHAIMCh ycOBHA wt >| xu 
pe Arx / 2,. 
B cayuae U=£0, Kak 4 B cmyyae U =O, tg wmeer yacTOTHbI MaKcH- 
M MoTepb, KOTOpbI ompefemsetca ypaBHenuamu (4) u (5), rae &€s — cTa- 
lecKad JM9JIeKTpHyeCKad MpOHHWaeMocTb Mp TeMMepaType u3sMepeHHA. 
TemnepatypHad 3aBvcumocTb tg6 onpegemsetcs cbopmysmamu (3), (6) u (11). 
JM 3aJaTb NOCTOAHHYIO YacTOTy, TO B TeMMepaTypHoM xoye tgd oOHapy- 
BaeTCH MaKCHMyM IIpH BpeMeHH peJlaKcallMH MW TeMMepaType, oMmpeslessie- 
X H3 yCJIOBHA: 
| g scp an, 
| els os = (OUje, (15) 
> €,— CTaTH¥eCKad JIM9JIEKTpHuecKant MpOHHWaeMOCcTb MpH TemilepaType 
ccyMyMa uw y= U/V. 
‘BesmunnHa Makcumyma tg 6 paBHa: 


(2 Oman Sai ee (16) 


2e, ap % (e, FE E,) 


Bpipaxenna (15) uw (16) otmmuarorca or (4) um (5) M MpeBpalijaiorcaA B HHX, 
ra U =O u, caeqopatebuo, 7 = 0. 

Cpasuusas (15) u (4), BHAHM, 4TO B Culy¥ae yBeJIMYeHHA YMCA pesaKca- 
JOB C TeMIepaTypoH TeMMepaTypHbId MakcumMyM tgé HaOslofaeTca pH 
fee BbICOKOM TeMMepaType, YeM eCJIM Obl YMCIO peslakKcaTOPOB C TeM- 
aTypoH He wsMeHaocb. IIpu OosbuiMx y Makcumym tg pacnovlaraet- 
B OO/IACTH OUHb BLICOKUX TemMepatyp. Ecum y >> 1 -+ 4nx,/¢), TO TemMe- 
pypHbii MakcumymM tg BooOme OyfeT oTcytTcTBoOBaTb. JlaHHoe ycsioBHe 
SYTCTBHA TeMMepaTypHoro MakcuMyma {go sBaseTca kecTKuM. J\JA OT- 
rCTBUST MakcuMyma tgd jocTaTOUHO, 4TOODI 7 > esx / &, THC &sn — HavOosb- 
e 3HaueHHe CTaTHYeCKOH MHI/IeEKTpUYeCKOH MPOHMWaeMOcTH B TeMMepaTypHOM 
repBasie, B KOTOPOM He IIpOWCXOZUT TeNOBOrO pa3spyLIeHHA [M9/eKTpUKa. 
Vcxona “3 cMemenuii MakcuMyma tg Cc MOBbIIIeHHeM TeMMepaTypbl, paHee 
eeANIH SHepruio akTuBanun V, BxXOfAIyIO B BbIpaxkeHHe JIA BpeMeHH 
makcaluu +. Cuntaslocb, 4TO 


Mager, Ov = CONst: (17) 


TlomyyenHple Bblle (OpMyJIbl, B YacCTHOCTH (15), Mo3sBouAIOT MO-HOBOMY 
eTHUTb 3TOT Borpoc. Ecsm pesmuunnol 1—y MoxKHO MpeHeOpedb NO cpaB- 
qwio c 4xx/¢,, TO (opmysa (15) ympomlaeTca M NpHHHMaeT BUI: 


| ge (wt)?. (18) 


T+y 71) 
cloma, yuuTpipad (11), nomyuuM: 
wt = const-e7Ul2kt (19) 
A 
we V+ lU)IRT — const. (20) 


JLAH, T. 120, Ne 3 


B 9ToM culyyae 9HeEpruaA aKTHBALMH, OlpeyeAeMaA U3 cMellleHHH =MaKCHMy 
tg8 c ypelMuenvem Temmepatypbl, paBHa V + 7/,U, T. €. HeCKOJIbKO 60JIb | 
uem V. Ec ~ MpWMepHO paBHO ésy /¢), TO SHEPrHA AKTHBAILMH, ONpefed 
Maa H3 CMeleHHH MakcumyMa tg6 C MOBbILIeHHeM TeMIepaTypbI, B npemno4 
*KeHHH, 4TO cHpaBelMBL! dopMybI (17), MOXKeT OKasaTbCA 3HAuHTedJ 
6oubiue, uem V. 

CormacHo monoxenvsam (10) u (11) Kak cTaTHYecKad JH3JIeKTPHyeCK 
MIPOHHWaeMOCTb és, TaK HW tEOmax MOJDKHbI BO3PaCTaTb C MOBbILUCHHeM TEMI 
patTypbl. Takoe Bo3pacTaHve OyfeT HaOmofaTbCA B TeX CiyNaAx, Kora 4M 
BO3OY2KCHHbIX PeJaKCATOPOB MaJIO TO CpaBHeHHIO C YACJIOM 3aKkPellJIeHHb: 
OnpiTHble JlaHHble MoKa3bIBaloOT, TO BOspacTaHve tgomax C TemMMepaTypi 
vmMeeT MecTo (}, °). 

@Mopmyapi (10) u (11) mpennonaraioT, YTO OOMbIMHCTBO HOHOB 3aKpcllJIek 
a 4nCIO CBOOOJHbIX HeBpesMKO. B Gomee OOuIeM CJIyYae YMCA 3akperlJIeHHt 
HOHOB 7, MW CBOOOMHBIX fy ONpeeAIOTCA POpMyviaMu: 

on £2e 


Se ea ee eee ( 
21 + gre U|RT a | 


—— 


rye nm = fn, -+ Mz —NOHOe YHCJIO HOHOB, gi H 22— CTaTHyeCKHe BeCca 3aKkpe 
JIGHHOTO U cBOOOHOTO cOCcTOAHHH, U —OHepr ist Bo30y 2K eHHA pevlakcaTO 
IIpeynouaraa, uTO peJIaKCaI[MOHHaA 3JIEKTPHYeCKan BOCIPHUMUMBOCTb x If 
NOPpWMOHAaJIbHa UACIy peslakKCaTOPOB M oOpaTHo MpOMOpIwOHaJIbHa TEMIIEpaTy 
We SG | 


a 
% == ar Ma, ( 
rye @— MocTosHHad, MosyynM: 
le UIRT | 
ae a ee { 
Skiba 3 
(g+e UM") T 


re g=21/22, *—MocToaHHad. Ota opmyia nepexoguT B (11), e 
MHOXKUTeIb e—YIFT Man nO cpaBHeHHIO C g H TeMMepaTypHOH 3aBHCHMOCT 
%)/T MOxXHO MpeHeOpeyb m0 cpaBHeHHIO Cc TeMMepaTypHOM 3aBHCHMOCT 
9KCHOHEHUMaJIbHOrO MHOMKUTEJIA. 

B pe3yabprate moycraHoBku (23) B (2) u (3) NowyuaeTca BbIPaKeHue MIA 
SIeEKTpHyecKOH mpoHumaemocru uv tgd. Bomee mogqpo6Hoe u3syyeHne cBOHC 
JM2JIEKTpHKa C MePpeMeHHbIM YHCIOM PelaKCaTOPOB MO3BOIAeT HaliTH one 
iuue aiekTbl, KOTOPble MOryT ObITh OOHAPyXKeHbl SKCMEPHMEHTAbHO. 

TlopeqeHue 1H9IeEKTPUKa C MepeCMeHHbIM YHCJIOM PeaKCaTOPOB ONpedeAey 
XapaKTePOM 3aBMCHMOCTH UHCa PpeslakCaTOpOB OT TemMepatypbl. B HeKOTOP) 
culyuaaX YBeJIHYeHHe UNCJa PpeakCaTOPOB MpH MOBbILWeHHH TeMMepary PbI MO 
IIPHBECTH: a) K YBEJIHYCHHIO JHIIEKTPHYeECKOH MPOHHWaeMOCTH MPH NOBbILIeH 
TemllepaTypbl, 6) K OTCYTCTBHIO MakcuMyMma tgd B TemMepaTypHom xozet 
B) K YBeJIMYeHHIO MakcHMyma tgd B TemMepaTypHOM xoge tg5 mp NMOBbIILeH} 
YaCTOTEI. 


JleHvurpamcKul SJIeKTpOTeXHHYeCKHH HHCTHTYT Tloctynuao | 
um. B. HW. Yapsnosa (Jlenuna) 18 II 1958 | 


| 


LWMTHPOBAHHAS JIUTEPATYPA 


aHa 
®puAG6epr, BelcoKouacrorupre HeopranuyeckHe AusmeKTpuKu, M., | 
i, TlonapHure Momexyap, 1931.41. 1.Muxataos, 6. UW. Caxun, KI 
5H. Il. BoropoguuKkuh, HW. 0. PpunG6epr, H. M. Use 
1890 (1956). | 
| 


Bu, Ousuka AuseKTpHKoB, M.—JI., 1949. *H. TI]. Boropo i 


? 


490 


Woxnagn Akanemun nayx CCCP 
: 1958. Tom 120, N: 3 


PH3SHKA 


tO. H. FOPKYH u K. B. TOJINbIFO 


OCOBEHHOCTH JIBH)KEHHA BbICTPbIX HOCHTEJIEM TOKA 
B MOJIAPHbIX KPHCTAJIWJIAX 


(ITpedcmaeaeno axademuxom A. ®. Hogde 25 XII 1957) 


1. IIpu usyyenuu pxya aBeHHii MpHxoquTcaA BCTpeyaThCA C ABWOKeHHeM 
CTPbIX SJIEKTPOHOB B TBEpAbIX TeJlax. CioJa OTHOCATCH, B UACTHOCTH, SIEKTPH- 
‘*KHH MpOOoK, BTOpHyHaA, (POTO- H AaBTOSIEKTPOHHaA SMHCCHH B NoyMpo- 
JHHKaX HW HVICKTPHKaXx. 

BecbMa BaxKHbili Bompoc, Kak OyyT BeCTH CeOA NOMAPOHbI — OCHOBHbIe HO- 
reJIM TOKa B HOHHBIX KpHCcTaJax (+, *) c yBeJIMYeHHeM SHEPrHuH, MOUTH He HC- 
OBaJICA. Secb OyAYT MpHBeJeHbI Pe3YJIbTATbI TAKOTO UCCEAOBaHUA B Mpe- 
IbHOM CJlyyae OUeHb CHJIbHOH CBA3H, KOra C OObWOH TOUHOCTbIO SHEPprHuA 
MApOHa JaeTcaA NowyKsaccnyeckon Teopueli (1). PaccmorpeHue 6yeT BeCTHCb 
d HE OYEHb OBICTPLIX JJIEKTPOHOB, 9HEPHA KOTOPbIX MOXKeT, OMHAKO, 3HAadH- 
[bHO IIP€BOCXOJHTb TeMJIOBYI0. 

2. C. UW. Tlekap (*) orpanwunpasca mpu paccmorpenuu ABMxKyUleroca NowaA- 
1a CJIyuaeM OTCYTCTBHA Pe3OHaHCa M@XKY MOJAPH3allMOHHBbIMH BOJHaMH 
)CTBEHHBIMH YACTOTaMH KPHCTaia OK K-v< ox (K — BOMHOBOM BeKTOp 
10H H3 OCHOBHbIX TapMOHUK Pa3JIOKeHHA NOAA MOMApoHa D(r), v — cKOpocTb 
amapoHa). Merox H. H. Borosto6oza (°), qatoujwi B HyeBOM MpH6sH2%KeHHH 
sSVJIbTaTbI, COBMalarollve C pe3YyJIbTaTaMH MOJyKMacCCH4YeCKOH TeOpHH, He 
OyeT STOO OrpaHvyeHUsA, OHAKO OH COJep%KUT HeCOOCTBeHHbIe HHTerpabl, 
YCHOBATh BbIUHCIeCHHe KOTOPbIX MOXKHO MyTeM yueTa aHrapMOHH3Ma. SOTO 
ome BCero CeaTb MpH KaCCHYeCKOM PaCCMOTPeHHH KOMeOaHHH pellerkKhH,, 
ropoe wu Oyer B JambHeiliem MpumMeHATECA B copme (*). 

OnykTyalvoHHoe JBHKeHHe NOMApPOHA, WeHTP TAXKeCTH KOTOPOrO Mepeme- 
€TCA CO CKOPOCTbIO V, B OTCYTCTBHE BHEWHEFO NOJIA ONMCbIBAeTCA YPaBHeHHeM 


2 
| (— ans +U(r)—E)b= 0, (1) 
14eM 
2 —iKr’ 1) |\2A—? 
» 4re*c S OK j c |b (r’) Pat iKr. 2 
CS, Fs Sa KOS (Ky) (Kw) rane, A 
= s — 2 - V—o6pem OCHOBHOH oO6sacTH Kpuctamia; I’ — KoncTaHta 


‘apMonu3Ma. JIA NolApoHa OcTaTOuHO OoubUWOrO paguyca MO?KHO 
\AHHUHTECH YyYeTOM B3aMMOJelCTBHA TOJbKO C MNpOfOMbHOH OMTHYe- 
i BeETBLIO MH MpeHeOpeyb 3aBHCHMOCTbIO OK OT K. Penienne (1) ObIsI0 
BEEHO BapHallHOHHbIM MeTOJOM JIA JBYX alipoKCMMUpytoulnx (pyHKIMH (2)e5 


oe (ieiaege ra A —Ore 
T) = V se (ee | be (r) => V = [1 ey Br’ Ps (cos 9)] € ’ (3) 


—nomuHom Jlexanypa; *—yron Mexay v u r. PesysbTaTbl AaHbl Ha 
». 1 B yHKWMH GOespa3MepHOM cKOpocTH U=V/F, THe fo = ht / merc’. 
pullaTebHOe S3HayeHHe MapaMmeTpa 8 moKasbiBaeT, YTO ObICTPbIM NOJAPOH: 
‘KOJIbKO COKHMaeTCH B HallpaBJIeHHW JBYOKeEHHA. 
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3. Tlonnaa 3HepruA CHCTEMbI NOJIAPOH — KpHcTaJi c yueTOM aHrapMOHH3} 


nmomyuaeTca paBHou 


H=E+ 


Con 


o_o 


Puc. 1. 3aBucuMOCTb NapaMeTpOB BOJIHOBBbIX 
yHKuNH OT GSespasMepHOH CKOpOCTH MoMApo- 
Ha. a, b— faa bo; c— ANA yy a, Vo— 
maa o(r’) (9). Ulxana ar, oTHocuTca xk 

B 2 : 
KPUBLIM Q, A, C; By —K KPHBOK Do, Bro — kK 


kKpuBou 5 


cbyHkunu. MHaue oOcTouT fesio mpu yuere fecdopMalMn ABM KyULeroca Nol 
poua. Ha puc. 3 anbl KpuBble 3saBucumocTy lg € (uw) / ~qppe OT lem 
cbyHkumn 9, u d, (3) H, B BUAe CpaBHeHHA, A HaMyuule tbyHKUMH xe 


Koro nomsapoua (*) 


bs ~ (1 ++ ar + Br?) e-*", 
Kak MW CuleqoBa0 OKUMaTb, B aKTYAabHOH OOacTH CKOpocTeli ZetbopmMupyem| 
MOJIMPOH MCMbITbIBAeT 3AMCTHO MeHbIIMe MOTepH 2HeEprHun. | 


5. CBolicTBa ObICTpbIX HOCHTe- 
Je TOKa, PaCCMOTPeHHBIe B Ipe- 
TbILVYULAX pasqemax, MOryT Mpo- 
ABJIATbCA TPH CPOTO- H BTOPHYHOK 
3JICKTPOHHOM SMHCCHH pu JBH- 
XKCHHH BO3OY XK eHHOrO JeKTPOHA 
K MOB@PpXHOCTH, KOra IIeKTPH- 
yeckoe nome Ey Maso. Hamporus, 
B Tpeqmpo6ouHblx (a MOXeT ObITD, 
WM BIIpOOOHHbIX) COCTOAHHAX, Ip 
AaBTOIJICKTPOHHOH IMHCCHH H3 M0- 
JIAPHbIX KPHCTaJJIOB, a Take TIpU 
JIBUXKeCHHM HOCHTeIeH TOKa B 3a- 
NOPHbIX COAX HeOOXOAHMO CUH- 
TaTbCH C HeMOCPeACTBeCHHbIM BJIH- 
AHHeM TOA Ha POPMY MOsApHsa- 
ILMOHHOM AMBI K Y-CyHKWnM NOMsA- 
pona. Mbt orpakuyumcsa paccMoT- 


peHvuem «CaMOCOrJIaCOBaHHOTo» 


tat eK" y (6) Pde dK 
[(o? — (Kv)?)? + TP? (Kv)?| K? 
mpu uw >>1 ona cylleCTBeHHO 3aBHCHT OT BeJIMYMHI I'/e. Ha puc. Z nat 


aus) | § eK | b(n) Pd 2 dK 
~~ 4n2 ) [w? — (Kv)? — iD (Kv)] K?’ 


jena 3apucuMocTb Hf oT u (9Hepy 
B ejMHuuax metc?/h?) uA 
(I'—no pa6orte (°)). Jaa cpaBHeH 
jlaubl KpuBble m*v? /2 u Mv? / 2, fi 
M— sbdbexTupHan Macca nosmapG 
110 JaHHbIM (?*). 

4. lockoJibky IpH ABHxKeHHH G 
cTporo TOApoHa MMeeTCH pe3soHe 
M@xK]Ly COOCTBEHHBIMA YacTOTaM 
yaCTOTOH BbIHYKalouleH CHJIbI, GI 
He sBAAeTCA, CTporo ToBops, cra 
OHapHbIM. I]poucxoxuT HenpepbiBel 
MepeXOJ, 9HEPrH OT MOJIApOHAa K KP 
Tay, T. €. TOPMO*KeHHE NOJIApOD 
BenuuuHa TepsemMol sHeprM“u G 
Obluia paccuHtTaHa B (*) AIA rayces 
CKOH NOJIAPOHHOW (yHKWHH B Tpex 
JIOXKeHHH He3aBHCHMOCTH (POpMbI 
JipoHa OT cKopocTu. Kak moKasa 
pacuetpt B. Sicuucxoro wu A. V1. 
capa WM OHOrO 43 Hac (°), B ST 
MpeAMOMOKeHHH G (V) Maio 4yBCT 
TeJibHa K BbIOOpy alllpoKcumMupyro 


x 


m* e4c2a) 


| 
| 
Puc. 2. 1 —3aBMcCHMOCTb NOJHOM SHeEprHu CHC 
MBI OT CKOpocTH MomsponHa; 2— Mv?/2; ¢ 


—— m* et C2 
m*v?/2 (2 Touxax H = 0,05 no ocu 


h2 


quHaT uw uw —=2 moO ocH aOcuMcc chemaHo H3Mé 


Hue MaclITa6os) 


KBa3HCTalMOHapHOrO JBHXKCHHA NOMAPOHA BAONb MONA, KOrMa ero CKOpO 
MOCTOAHHAa BO BPeMEHH HM Pe3OHAaHCHad MOTepA 9HEpruH G(U) B TOUHOCTH KOMM 


492 


pyerTca paOorot nova evE. CoorBercrpy1omlee B 
pa uMeer BU 
ie ap # 

af =| ae A+ UC )— csr — Sr] OC, 0). 6) 


pemeHuoe ypaBuenne LIpennu- 


S 


yo) OCOGeHHOCTbIO ABIACTCA MPHCYTCTBHe B TaMUJIbTOHHaHe (beHOMeHOJIOrH- 
CKOH CKOPOCTH NloTepH SHepruH Ha «TpeHue» G(V), KoTOpaa B JaubHeliwiem 


Ma OyeT onpeyeiataea uepes Y(r, t). B arom u cocrouT Halle camocoryaco- 
Hue. 


| Viujem yactHoe peuienve (6) B Bue 
] u 
= [m*v-r—g(t)] 


P(r, 2) =b(r—vt)e* (7) 


4 ¢(f)— gelictBuTesbHble cbyHkumu. Ilocne nogctanosKu (7) (6) u or- 
JIEHHA MHHMOM YaCTH OT JeHCTBUTebHOM NomyuHM 


| 9 ()=—(Wo + ie + evE,t?, 


life ’ 1 P ; 
[= sas ATU (0) — eB o-8' by") = Wot (0'), Yr .=7r— vi. (8) 
| Annpokcumupyiollad (byHKUMA ) Opasiacb B Buse 
2 3 
| b(t’) = V as + ar’ (1 + Bcos3)] e-*”; (9) 


a yrou r’ Cc HamlpaBieHHem v (HM E,). Popma %, paBHO Kak M CKOpOocTb 
paipona v onpeszenmotca nosem Ey 43 ypaBHenns (8), BbIpaxenua U(r) (2) 


M yCJIOBMA CTalMOHapHOCTH 
7 


evE, = © (2). (10) 
(? PesyJIbTaTbl pacueroB Win « u B® JaHbl Ha 
3 2 puc. 1 (kpuBble cHa62KeHbl HHJeKcom (0). 
ans 
a j 
= lar, 
5 4 10 20 0 
ee) = 0 
= S 
rs 
-Of 
ae 
"9 oy 
Igu t et W% 
ic. 3. 3aBHCcHMOCTb MODLHOCTH H3- Puce. 4. TlotenyHaibHaa SHEPrHA BJICKTPOHA B T1O~ 
YUCHHA OT CKOpOCTH MOJIAPOHa. JIAPH3auHOHHOK AMe IPH HaJIMYHH BHEUIHErO TOA 
Sant Ws (5); 2—aAnn 3 3 — omax 8 HalpaBsenun nossa 
Waa be; 4— gaa v,(r’) (9) 


OU[HOCTbh H3JIyueHHA KOMeOaHHH mpuBeszeHa Ha puc. 3. Ja ynoOcTBa B Ka- 
cTBe apryMeHTa BMecTo noua Ey B3ATa CKOPOCTb UW. SaBHCHMOCTb CKOpOCTH 
IA POHA OT MOJIA, a TaK2Ke MOABUXKHOCTS NONAPOHA L DaHbIB TaOn. 1. Bombe 
[ayeCHHA YW IPH MaJIbIX CKOPOCTAX MOJYUMINCh W3-3a HeyueTa OCHOBHOFO MeXxa- 
43Ma, Olpesessiouero wu pH v-—->0, — aHrapMoHH3Ma. 

6. Tlomp3ysicb HaliqeHHOH )(r’), MOXXHO PelWMTb BOMpoc O pa3spyWeHHu No- 
ipoHa momemM Oosee MOCMeMOBaTebHO, YEM 3TO CeaHO B (*), MH MpOBepHTb, 
KUT JIM Cle NOAPOHHbIM YPpOBeCHL BHYTPH NOAApH3aHOHHOH ambi. Ha puc. 4 
an xon U(r) — eEyr Aaa MakcuMaJbHOrO (MpoOoOHHOrO) NOMA, COOTBETCTBY10- 
ero ux2. Topu30utambHaad mpaMad u300paxaer ypoBeHb sHeprun Wo. Ta- 
AM OOpa3soM, HemocpeACTBeHHOe eHCTBHe BHEIHETO MOA Ha MOJAPOH He 
2KET NPHBECTH K ero paspywenuio. Ilepexoy nom#poHa B 30HHOE COCTOAHHE MO- 
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MET MPOH3OHTH TOJIbKO BCJIEACTBHE «CPbIBa», T.€. HAPYWICHHA Y paBHeHHA CTallM 
HapHocTu (10). MomeuT cpbiBa COOTBeTCTBYeT MaKCHMyMy loa Ey B 3aBHCHMOC 
OT CkOpocTH nouapoHa. C yueToM 3aBH 
MOCTH (OpMbI NOJApOHAa OT NOMA (PyHKUE 
tbog)) STO Maer U = 2, oTKyMa | 


Ta6maunua 1 


ee = py 8 ee eed ee 
od ec|r® ory lec Eo max ~ 7,2+10 ce = A 10 cM ~ 
Ecam He YUHTHIBaTbh HeMOCpeCTBeHHO! 
0,2979 | 1,166-10-8 5-109 BIMAHHA MOA Ha dopmy V(r), ycoBue Cc 


2,5 

0,5809 | 1,264-10-5 | 4,59.108 1 E, =&(olev, u Eom 

4,9516 | 1,749-10-8 | 5,44-104 UnoHapnogri.t MO MIACr iu Ou )I 7 

2,009 | 7,174-10-3 | 2,80-104 ompeleiaeTca ypaBHeHuemM = 4G / dv - 
0,419 4,379-10-8 1,0 ri 

rn 6 (v) =0.Bra61.2 npuBeseHbi 3HayeHh 

2 


r | 
0 | 
KOHCTaHTb! B = Dre 10° Eo max H Umax JIA Pa3/IMYHbIX BHJOB alll pOKCHMUpYIOlh 


dbyukunu. Ecam paccuntatb 3Ty BeJIMYHHY MO OMbITHbIM 3HAYeCHHAM MPOOHBHES 
nojei (°), B3aB m* v3 (2), 
TO JIA KaJIHeBbIX HM pyOumHe- 
BbIX TaJlIOHOB mNowyuaerca 


Ta6dOauta 2) 


B~0,4—0,5, quia KF u rano- enor] gy, : (+ ar (i+ 
ugoB Hatpun B~ 0,2—0,3, a : : "| + Gcos 8] ¢ 
naa LiF B~O,055. Ecrecr- 

BeHHO OXKHaTb, YTO MPOOMBHOe B| S28, sete leo aa eos 

moe OONbWe HI, M0 Kpative u,,,, | 3,98 | 3,71 | 2,4 | 1,88 


Mepe, paBHO MOO CpbiBa M0- 
aapoua Epmax, IpuBeqeHHoe COMOCTAaBJeHHe C OMbITOM WaeT OOpaTHY!0 KapTHH 
Bo3MO2KHO,YTO H3-3a pa3sOpoca CKOPOCTel HEOOIb ad YaCTb MOA POHOB «CPbIBae 
CA» paHblue 4 OOycoBMBaer MmpoboK. PeasbHble KPHCTaJJIbI, HMeIOWHe Hapy 
HHS, M0-BHAHMOMY, 2JIEKTPHueCKH MeHee IIPOYHbI, ¥eM HeabHbIe. Bo3moz 


HO, UTO HCTHHHbIe acppeKTHBHbIe Maccbl m*, a, CJIENOBaTeJIbHO, H c/re WIA pa 
CMOTPeHHbIX KPHCTaJIVJIOB MeHbIle, YeM BbIYHCIeHHbIe B (1). Ha 3Ty MbICAb HaB 
AUT TO OOCTOATEMbCTBO, TO COracCHe TEOPHH C OMNbITOM TeM JIYUWe, 4eM OObL 
paquyc COCTOAHHA NoMApOHa, T. €. YeEM TOUHEE MpHO.IH2KeHHe TeOpHH (*). 

B 3akJi0OUeHHe 3aMeTHM, YTO MpeAesIbHOe MPHOH2KeHHe CHIbHOM CBA3H JL 
OOJIbIUHHCTBa KPHCTas0B He roquTcx. B cayyae Ke MpOomMe>xKYTOUHOM CBAg: 
BMeCTe C BO3PaCTaHHeM CKOPOCTH MOJIAPOHA MPOHCXOAUNT JabHel Wee ocmabm4 
Hue CBA3H (*°). Dro OOcTOATebCTBO CleAyeT YYHTHIBATh MPH Mabel Wem paz 
BUTHH TeOPHH ObICTPbIX MOMAPOHOB. 


Ilocrynuso 
25 XII 1957 


UMTHPOBAHHAA JIMNTEPATYPA 


*C. MW. Ilex ap, Uccnezonanue no snektpounoli Teopuu Kpuctranos, M.—JI., 1951. 2 7+ 
Bcecoio3H. coBelll. M0 CBOlcTBaM NosynpoBogHHKoB, DKKT®,21, Ne 2, 231 (1951). .* H. H. Big 
romw6os, YxKp. marem. xypH., 2, 3 (1950). *K. B. Toanero, Tp. Kyesck. roy 
yxus., Marem. cOopu., Ne 5, 99 (1951). © 10. U. PopKyu, KT, 27, 1764 (1957). & 
Czerny, Zs. Phys., 65, 600 (1930). 7K. B. Toanuro, 3. HU. Ypunku i, KOTEH 
30, 929 (1956). &M.U. Kauurep, K9TO, 26, 166 (1954). ®B.A.U yeHKOB, Yc 


owen 54, 185 (1954), %°B.M.Byamuctpos,C.H.Iexa p, KOT®, 33, 127 
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| Wloxnmaygs Axkanemun nayx CCCP 
1958. Tom 120, N 3 


PH3IHKA 


B. ®. HBJIEB u B. M. PYAK 


O CYIJECTBOBAHHH HAHBOJIEE BEPOATHOrO PA3MEPA 
CKAYUKA TEPEMArTHAYHBAHHS 


(ITpedcmaeaexno axademuxom A. B. Lly6xuxoeeim 28 I 1958) 


_Hecmorpa Ha 3HauHTebHble ycnexu 0 u3yyeHuio atexta BapKrays3ena, 
CTHrHYyTble B MocyieqHee Bpema (* §), Wo CHxX MOp ocTaeTcAd HeACHbIM BOMpoc 
<apaktepe pacmpeyeieHuA CKauKOB MepeMarHWuMBaHHA 10 pasmepam. Boub- 
{HCTBO HCCJIeOBaTeeH MPHXOAAT K BbIBOLY, UTO UMCIO CKaYKOB NepemarHHyH- 
HHA TeM OOJIbIUe, YEM MCHbIUe HX Pa3Mep, T. e. KPUBaA pacnpeyesenua 


aN 
plan) = | Ay 
M — v3mMenenue MarHuTHOrO MOMeHTa IPH OAMHOUHOM CKauKe; NV — yucs0 
auKOB, Pa3MepbI KOTOPbIX OombuIe AM) MOHOTOHHO yOblBaeT C YBeJIHYeHHeM 
CuleqyeT OTMeTHTb, UTO BO BCEX STHX HCCIEOBAHHAX MHHUMAJIbHaA BeJMUH- 
AM, koropaa mora ObITb 3apHKCHpoBaHa ycTaHOBKOH, Oblia nopayKa 
- CGSM. 
TlockombKy CKaukKH MepeMarHHuHBaHHA He 3aXBaTbIBaIOT MWeJblii JOMeH, a 
€JICTABJIAIOT COOOH HeEOOpaTHMble CMELICHHA JIOMCHHbIX MeperoOpoOK, B 3HayH- 
MbHOH  cTeleHH OOYCJIOBJIeHHbIe 
ATUCTHYeCCKUM pacnpejenmeHuem 
YTPeHHHX YUPyrux HanpsxA*KenHH, 
emyeT OXKUAaTb, 4TO WIA KarKO- 0 
COCTOAHHA OOpa3sila JOJI2KeH Cy- 3 
SR JO 
N 


5U 64-10% 


CTBOBaATb HaHOoee BePOATHbIM 
3Mep MepemarHuuHBarlomelica o0- 
CTH. 
J]j1a jeTasibHOrO u3y4yeHHA JTOFO 
poca aBTOpaMH HacTOALel CTaTbH 
OBEJ[CHbI UCCIeOBaHHA Ha yCTa- 
BKe (8), UYBCTBHTeIbHOCTb KOTO- 
A yNalocb moBbicuTh jo 10-7 / 15 ? 
SM. Takoe MoBbIlieHHve 4yBCTBH- am-1o’ 
IbHOCTH ObIIO JOCTHTHYTO 3a CueT 
sKOrO CHHKCHHA MWOMeX OT BHell- Puc. 1. Kpuspie pacnpezenenux ckayKos mepe- 
x Oy 2K Maroulux MarHUTHbIX Moe Cy aren ) HW OTOX- 
reM IMPMMCHeHHA HCKATeJIbHbIX 
ryiieK, OOJlaqaioulux MmpHu Oovb- 
fi MMOTHOCTH BUTKOB MaJlOH MHAyKTMBHOCTHIO. MccreqoBaHHA NPOBOAMICb 
‘eOTOXKXKCHHBIMH HW OTOXKXKCHHbIMU OOPasllaMH H3 DIeCKTPOJIMTH4YeCKOFO HHKe- 
WMeBIUHX BH MpoBosouek AuameTpom 0,5 MM H AVIMHOK 35 MM. Pe3yIbTaTbl 
JIelOBaHHA WpuBesxenbl Ha puc. 1. M3 sroro pucyHka BUAHO, UTO B o60ux 
y4aix KPWBad paciipeqeieHuaA MMeeT ABHO BbIpaxKeHHbIM MaKCUMYM, T. e. 
1 KaX%KJOFO COCTOAHHA OOpa3sila CyWecTBYeT XapaKTePHbIM AIA 9TOTO CocToA- 
1 HavOoslee BepOATHDIM pasmMep CKauKa NepemarnuyHBanusA. CpaBHeHue Kpu- 
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FAM) 
S 


BbIxX / u 2 TOKa3bIBaeT, UTO C OTKHTOM OOULee YHCIO CKAUKOB yMeHbIlae 
a MaKCHMYM pacripejevleHua CMelljaeTCca B CTOpOHy Oolee KPYNHbIX CKaUKOB. 
CMeleHHe, [0-BHJMMOMY, OOYCJIOBICHO YMeHbINeHHeM YNDYrHxX HalpsxKer 
B pesyJIbTaTe OTKuTa. 
AnaJIOrMuHbI MaKCHMYM JIA KPHBOH pacipeyesIeHuA CKaukOB MepeMarHu 
BaHHA NO pasMepaM MOJLy4YeH Take MPH HY3MePeHHAX C HKeeSHbIM OOPaslh 
B 3akJoueHHe CUHTAe€M CBOMM MIPHATHBIM JOJITOM BbIPasuTb OJlarojapHo 
npod. JI. B. Kupenckomy 3a psJ{ WeHHbIX COBeETOB IPH BbINOJIHEHHH HacTOA 
padorHl. ' 


KpacHospceKu megzaroruueckuli Ilocrynuao 
HHCTHTYT 28 I 1958 


LMTUPOBAHHAA JIMATEPATYPA 
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H. Wetzel, Zs. f. Metallkunde, 33, 115(1941). %H.D. Bush, R.S. Tebble, PB 
Phys. Soc., 60, 370 (1948). 4H. J. Williams, W. Shockly, Phys. Rev., 75,| 
(1949). ®°b. ® Womaxkuoun, B.®.Us aes, JAH, 66, 2, 205 (1951). &B.O. 
aes, M38. AH CCCP, cep. cdus., 16, 6, 664 (1952). *H.Sawada, J. Phys. Japan, 
XII, 7, 6, 564 (1952). ®B.®.Usaes, B. HY. Yapwomenxo, Jl.U.Aceesa, 
AH CCCP, cep. dus., 21, Ne 9 (1957). 
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HTorxnaqgn Akagemuu nayx CCCP 
1958. Tom 120, Ne 3 


i . @PU3HKA 
| ll. Tl. KACbAHKOB 


OB YCJIOBUAX CYWIECTBOBAHHA CTHPMATHYECKOLO 
H30BPA)KEHUS B IJIEKTPOHHOONTHYECKHX CHCTEMAX 
C KPHBOJIAHEHHOK OCbIO 


(UIpedcmaeaeno axademuxom A. A. Jlededesvim 22 II 1958) 

1. CyuyecTBoBaHie COmpsxKeHHEIX ToueK (1) Ha OCH 93JIEKTPOHHOOMTHYeCKOLi 
ICTEMbI PaBHOCHJIbHO CYLIeCTBOBaHHIO JeHCTBUTeIbHOrO u300paxenua. Jler- 
‘BUTeJIbHOe H3800paxKeHWe TOJIbKO JIA UYaCTHbIX BHOB 2JIeKTPOHHOONTHYe- 
‘AX CHCTeM OyfleT CTHrMaTHYeCKHM; B OOMIeEM cJlyYae TOUKA MpesMeTa H30- 
JaxKaeTCA He B BUe TOUKH, a B Be OTpe3ska JIMHMH. B HacTostel padoTe 
2TAHABJIMBaIOTCA YCJIOBHA, JOCTATOUHbIe [JIA CyLWeCTBOBaHMA CTHrMaTHYecKOrO 
300paxKeHHA B MapaKCHaJIbHOH OOJIaCTH CHCTeMbI C KPHBOJIMHeEHHOH OCbIO. 
2. Bo3bMeM B KauecTBe OCH S KPHBOJMHeEHHOM CHCTeMbl KOOPAMHAT S, P, 
OCHOBHY!IO TpaeKTOpHio NyyKa (OHA %Ke —OCb YJIEKTPOHHOOMTHYeCKOH CHc- 
2MbI), a OCH P HM g HallpaBuM IO HOpMaJIM HM OMHOpMaJIM K OCHOBHOM TpaeK- 
opuu. OGo3sHauuM uepe3 k MW x KPHBH3HY HW Kpy¥eHHe OCHOBHOM TpaeKTOpHH; 
(s, p, 9), ¥(s, Pp, G) — BleKTpocTaTHyeckHi M MarHUTHbIM CKaJIAPHbIH MOTeH- 
Haibl; P= @D(s), Y= VY (s) —3HayeHua NOTeHWMaIOB Ha OCHOBHOM TpaeK- 
pun; 9,, Y, Pp Vp, (i, R=2, 3)— 3HAYeHMA YACTHDIX MPOM3SBOXHIX OT 
OTCHIUMaJIOB Ha OCH S (MpH 3TOM 3Ha4OK 2 yKa3biIBaeT AudpepeHiiMpoBanve 
O p, 3HauoK 3 — yuddepeHuMpoBanuve 0 q); —é€, m— 3apsj] M Macca 93/1eK- 
poHa. Illtpuxom o603HauMM judPepeHMpoBaHHe NO Ss. 

OcHoBbipasich Ha Teopeme ITyauKape (*), BeMUHHEI p = p(s), 9g = (Ss) WA 
apaKCHaJIbHOH TpaeKTOPHH MOXKHO TIpeCcTaBuTb B BHe PALOB 


p=pi+rpl+hpll+... 
g=qitrq!+2gil +... 


Jina 3aaHHoll 2IeKTpOHHOONTHYeCKON cucTeMbI psp! (1) OyqyT oMpemedATS 
PaeKTOPHU S/IeKTPOHA Ip oONpefeseHHOM 3HayeHHM NapameTpa A. lin Toro 
TOObI 9TH PA[bI ObICTpee CXOMMJIMCh, IPH BBe/EHHM B ypaBHeHHA TpaeKTOpHH Mapa- 
leTpa hk yUMTHIBaIOTCH OCOGEHHOCTH HccJleAyeMoro KNacca SJIeKTPOHHOOMTHYECKUX 
uctem. IIpuH paccMoTpeHHH CHCTeM, MaJIO OTKJIOHAIOWIMXCA OT OCCCHMMETPH4- 
BIX, A ONpefesHeTCA Tak, UTO CHCTeMOli ypaBHeHHii MepBoro mpHOsMKeHHA 
BulseTCA CHcTeMa 


(1) 


" O’ , 4 yf ©” 4 A 
gaa) 45g fo 0) CaP = 7 et ev, _ 

uy (p’ , le Ae 1 WW @” ess eff 
Mp, Qe" tsi tern + sot p+ 59 = 2. 


Torja noculel youve NpHOIMKeHHA p'”, g’ ynoBsleTBOpHIOT CHCTeMe 


(n—1) (n—1) 
ge w) 


(3) 
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L(p™, a) = Lp", a),  M(p™, g) =m (p 


rye 


—l(p, qg= 2 (— 2xq’ + Ayp + Aoq), 


= 


—m(p, 9) = GZ (2xp’ + Bip + Baq); 


As = gp |g hoa + e+ 2 (02 — 2?) ©] + 0 (Yas + oop bo — *F") 


4 
A, = wp [2k — 2x’D — x@’— go3] + a(y ate x Pe 7H x0 $s) 
(2 , 1 
By = 5 [2x'® + x®" — 945] —% (—v + 5 bbl + 36 bs) 
B= — 35 [280 tut 592] —a (ds + ae be +x") 
ae ty 
Co Vee 


ee oy (933 — P29); 


— 


VS = (Ys3 — Yo); 


d oOo3HauaeT HavOosbulee H3 3Ha¥eHHH |2x|, | A;|, {Ae|, |Bi|, | B2| B mE 
MEXKYTKE [So Su]. 

YpapHeHua (2) MOryT ObITb MCHOMb30BaHbI B KaYeCTBE ypaBHeHHi mWepBe 
NpvOMKeHHA HM MPH MCCyIeOBaHHH 9JIEKTPOHHOOMTHYeCKHX CHCTeM, OTKJIO 
HHA KOTOPbIX OT OCeBOM CHMMeTpHH He MOryT CYHTATbCA MaJIbIMH. OyHak 
eCJIH 3JIEKTPOHHOONTHYeCKad cHcTemMa & MaslO OTKJIOHAC€TCA OT cHCTe 
C KPHBOJHHeHHOH OcbIO Ly, TO Mp ccehOBaHuM OKyCHpyioUlMX CBOHCTE | 
yoOuo &) MpHHATb B KayecTBe epsBoro MpHOumxKeHHA L U .coorpeTcTBeHid 
3TOMY OlpeseMTb onepatoppi L, M, 1, m. 

3. O603HayHM Yepes 71, fg YACTHBIe pelleHHA ypaBHeHHA 


3M’? e és 4 

e+ (gat ge ¥2)1 = 0, ( 

| 

OlpefeJIneMble HadaJIBHbIMH YCJIOBHAMH 
T1|sas, = 0, Fic = I; 


betas emmy renin 


PyHaMeHTaJibHan MaTpHlla CHCTeMbI NepBoro MpH6MxKeHUA 3allHCbIBaeTC 
B Bue 


pee | Din ‘= on! a cos0 —r,sin® r;cos 6 — rysin 0 (1 : 


ro sin 9 r2cosO'r;sin® 7, cos 6 


rye 
=~ \ ods. (1: 


Pelenna cuctembl (3) AIA Cileqyoulux npHOsmmxKenuli HaxOAATCA MO MeTOD 
BapHalM NPOW3BOJIbHBIX MOCTOAHHBIX B BUe KBakpatyp. Orpannuumca yuero 
NepBbIX ABYX WIeCHOB B pAyax (1); ycnoBuA AIA Toro, 4YTOObI MVIOCKOCTb s = S 
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PMaJIbHaA K OCHOBHOM TpaeKTOpHH, Oblla CTMrMaTH4uecKUM H300paxKeHHeM 
OCKOCTH S = So, 3aNHCbIBaIOTCA B Buse 


4 4 
Ps Ss ee Cip: = 0, Pes |= > Ci = , 


f=] t=] 
i (13) 
Pia ie »} Di pei = 0, Poa => > Dip2 = 0, 
fay ot 
> 0603Ha4eHO 
Pin = Pir sas); (14) 
— \ ® [(— QxPos + Aipis + AsPo3) P3z + (Qxpis + Bipis +' Bspos) P,;] ds, 
Di ={ O[(—2«pog + Ara + Asda) Pas + (15) 
+ (2xpya + BiPiy + Bopo) Pai] ds) 
Ps, = Py = —@D~ "7, cos 6, Pap = — Pap = D "7, sin 8, (16) 


Ps3 = Pay =@~ "7, cos 6, Pq = — Pag = —D "rg sin 9. 
-Ecam, B YaCTHOCTH, Sy, OMpeesHTb COOTHOLIeHHeM 
ry (Su) = 0, (17) 
“yculoBna (13) crurMatTuwyeckoro H306paxKeHHA NPHBOAATCA K COOTHOLICHHAM: 


\ ri [A; cos? 6 + (A, + B;) sin§ cos 8 + Bz sin? 6 + axh’] ds = 0, 
\ ['2 (— Aasin® 6 + (By — Ay) sin feos 6 + By cos® 6) + 


| + 2xry (r,— = n)| ds =0, (18) 


L 
fe (A; cos? 6 + (B, — A,) sin 6 cos 6 — B, sin? 6) —2ur{r) -— wr)| ds = 0, 
I oe 
\ 72 (A; sin? @— (Ay + By) sin 6 cos 6 + By cos? § + ax’ ds = 0. 


So 


Ecm B pajax (1) yuMrbiBaioTca jlavibHelilmMe wWieHbl, TO B ycnoBHax (13) 
io C;, D; (i= 1,2,3,4) 3aMeHHTb Ha CYMMBI 


Ge — ioe D; = De 


| 


. C;;, Dis BbIMMCMAIOTCA 0 dopMyviaM (15) mpH ycJIOBMH, YTO BMECTO Pip 

ICTABJICHbI COOTBETCTBYIONIMe MpHOJMKeEHHA BeJIMYHH P, q. 

OrmeTuM, TO M3 BbILIeH3JIO*KCHHOPO B KavecTBe YaCTHOTO CJIy dan (k = ==()) 

TyWaloTCcH USBeCTHbIe Pe3yJIbTAaTb! (3,4) It CHCTeM C NPAMOJIMHeCHHOH OCbIO. 
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4, [Ipupeyenupie BbILe pe3yJIbTATbI MOXKHO YCMeMWHO MCIMOJIb3OBaTb I 
paccMOTpeHHM BOIpocoB TeopeTHYecKOrO McCJIeOBaHuA JeHCTBHA CTHIMaTOp 
Hanpumep, sierko BugeTb u3 (18), 4TO B 2TeKTpOCTaTHYeCKOM 93JIEKTPOH 
MMKPOCKONe OCeBOH aCTHIMaTH3M, IIPOWCXOAAWIMH W3-3a QJJIMINTHYHOCTH OTBE 
CTHH OObEKTHBA, MOXKeT ObITh MCIpaBJIeH CTHTMaTOPOM, Mose KOTOPOrO on 
messetca topmy son | 


9 (5, P. 4) = ®, + ©,(s) (0? — 9°). ( 


Smecb ©, = M|,_5,, a S; OMpesemseTcA us YCOBUA, 4YTO B MpomMexy4 
[S1, Su] HeHCTBMA CTUrMaTOpa NOJIe OObeKTUBa paBHO HywO. OD, (s) — mHHeHH 
(byHkuMa Ss; mp ©, nocrosHHOM nove (19) ucnoub30Bas0Ccb B CHHXpoTpoue { 


JlenuurpafcKul 9eKTPOTeXHMYeCKHM MHCTHTYT Ilocrynuio 
um. B. HW. Yapauopa (Jlenuua) 13 II 1958 


UMTHMPOBAHHAA JIATEPATYPA 


TILT. Kacpbanxkos, JJAH, 108, Ne 5 (1956).2 39.0 y pea, Kypc maremarnueckh 
aHamu3a, 3, 4. IT, 1933. 3B. P.1a3e p, Ocnosni snekTponHoli ontuKn, M., 1957.4R. Wh) 
mer, J. Appl. Phys., 27, 7, 808 (1956). ® Handbuch der Physik, Korpuskularop} 
33, Berlin, 1956. 
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loxuayo Akagqemun nayr CCCP 
1958. Tom 120, N 3 


PHSHKA 


A. A. JIOFYHOB 


ICHEPCHOHHDIE COOTHOWEHHA JIA PEAKUWHMH C MEPEMEHHbIM 
4QHCJIOM YACTHL 


(ITpedcmasaeno axademukom H. H. Bozoarboeum 17 II 1958) 


B nocseqHee BpeMa yleseTcA 3HauMTebHOe BHUMaHMe JlauibHeliuieli pas- 
Bsc BONpOCOB TeOpHH AMCNepcHOHHbIX cooTHOUeHHH. Ilocme ucceloBaHni 
H. Borosmo6oza (1) ctTaio ACHO, YTO JHCMepCHOHHbIe COOTHOLMIEHHA ABJIAIOT- 
culeACTBHeM OOUIMX MPHMHILMNOB JOKaJIbHOH Teopun nod. B sToH cBA3H 
bITHaA MpOBepKa MCIePCHOHHBIX COOTHOLWIeHMH Morda Obl MpOMHTb CBeT 
‘culydae HapyuieHHA HX) Ha BOMPOC O JOKAaJIbHOCTH 3JIEMeHTapHbIX B3aHMO- 
acTBHH. KpomMe MpvHItHMHasbHbIX BbIBOMOB, KOTOPbIe MOryT ObITb MOYUeHbI 
M 9KCMePHMeHTaJIbHOH MpOBepKe MCHePCHOHHbIX COOTHOLICHHH, BarKHOe 3Ha- 
que MMeeT JlaJIbHellliad pa3spaOoTKa MeTOJa JMCMepCMOHHbIX COOTHOLeHHH 
K B HallpaBJIeHHH MCCJIeOBaHHA HeHaOOaeMol OOsIacTH B y2Ke NOJIYYeHHbIX 
CIe€PCHOHHbIX COOTHOWCHHAX, Tak H B HallpaBJIeHHM PaClUMpeHHA MeTOa MIA 
YYeHHA Peak C MePpeMeHHbIM YHMCJIOM YaCcTHL. 

IlonbirKa O6OCHOBaHHA AMCHepCHOHHbIX COOTHOLICHHH JIA peaKUMH Cc Mepe- 
HHbIM YHMCJIOM YaCTHIL OblIa CesaHa B padote (?). OHako mpeioxKeHHbIi 
STOH pa6oTe MeTO OGOCHOBaHHA J\MCHepCMOHHbIX COOTHOWeHHH HeyOelNTe- 
H WM BCTpeuaeT Cepbe3Hble BO3parxKeHHA ('). 

B wacrosulel 3amerKe (Ha mpuMepe mpouecca (y+ P+ 27+ P)) paccma- 
MBalOTCA BOMPOCbI TeEOPHM JMCMePCHOHHbIX COOTHOWCHHH JIA peakIMH c me- 
MeHHbIM UHCJIOM YacTHIL. OTH paccyxXeHHA MOryT ObITh MepeHeceHbl HU Ha 
yrue peaxunu. IIpu 9ToM MbI He OyJeM YUHTHIBATb 3J/IeKTPpOMarHHTHble 
MpaBku BbICIUerO MOpAAKa, (PUKCHPyA BHMMaHHe Ha W3y4eHHM JIMLIb T1aBHOrO 
eHa aMIMVJIMTY bl. 

1. Ucnom3ya mpwauun npuunnHocTu B dopme H. H. Borowo6osa (*) 


Bi, (x) 
8A, (x’) 


OA, (x) 
dA, (x’) On) 


iss ps Sipe Moonen oo ae (2) 
3A, (x) oO) 

TaKKe CBOMCTBA TPaHCJIAWMOHHOM MHBapHaHTHOCTH MaTPHUHbIX 3JICMCHTOB, 

SKeM 3alIucaTb 3ama3QbIBaloulyIo MM OMepexkalollyio aMMIMTyAbI ABOKHOrO 

MNTOH-9pekTa B Bue 


ic OW Perl nx" , ” , , a (0) 
fie, (5 9g) — | etaeta ) dx’dx <P S| Sam sae) |” es 
5 3) 
adv an " te iepir ok, (0) ( 
Ts (GBT F) = (ae iA: CP, 8! Ay, (x) 8A yn (%") Me 


Secb p H G—UMMysbCbl HayasbHOrO HyKNOHa M (poTOHa, a Yada 


TlyJIbCbl KOHeEYHOFO HyKJIOHa U (pOTOHOB. 
o0t 


Yuntoipaa (2), AHTHSPMHTOBY YaCTb AMMVJIMTYbI Mpollecca MO2XKHO TIpeAc 
BHTb B (opMe 


Azo (G79) = 


i ( nua'x'ta"x"dx’ dx" Cp’, 8’ 8°j, O) 8A, (0) 
==\e xX aX <p’, s 3A, (x’) BAyr (x) BA,, (x) SA yr (X”) 


P, s>.( 


2. CornacHo 3aKOHY COXpaHeHiA SHeEpruu — MMIyJIbCa CHCTe€MbI HMeeM 


P WIG Gh tad, - 


eo: Se U if 
Jl MpOcTOTbI paccMOTpHM CJIly¥ali OMHAKOBBIX SHEprHy | (Fo = 40): 


Q= Aq’ +97), A="hG—7), QA=—0. 
@uxkcupys 4-MepHbIii KBaypaT BeKTOpa Q 


2 — 772 
Q cola) 


B cHcTeme oTcueta p-++ p = 0, HaxoyuM 
q=he—(1+e)p, 2Q=—he+ (1—8)p, 


rye € — e/MHHUHbI BeKTOP, OPTOTOHAJIbHbIM BeKTOPYy Pp, 


Ale oe Re A = E?— mb — (1 — 2) p, 


yepes E o603HaueHa HyJlepad KOMMOHeHTa BeKTOpa Q. 


J[ucnepcvoHHble COOTHOIMeHHA OCOOeHHO HHTepecHbl, Kora HeHadvOjaema 
o6slacTh 9Hepruli oTcyTcTByeT. B 9TOM cCsIyyae JMCIepCHOHHbIe COOTHOLIEHH 
CBASbIBaIOT JIMUIb HaGvlojaemMble BesMUMHI. B paccMaTpHBaeMol 3ajaye yfaeTc 


eS 
(npw Hajmexaljem BbIGope BekTopa A) nomy4vTb JMCMepcvOHHbIe COOTHOLLE 
HUA, B KOTOPbIX HeHaGOaemMad OOJIaCTbh OTCYTCTBYeT. 


=> 
Bpi6epem HampaBuieHHe BekTopa A Takum o6pa30M, uTOObI OH Obl OpTOre 
HaJieH BeEKTOpaM p He. Torga JlerKO BUeTb, ITO 


A, =0, A?= mi. (1¢ 


CreqyeT MOLYepKHYTb, YTO B BbIOPaHHOH HaMM cCHcTeMe OTCY¥eTa aMMVJIMTYD 
Mmpowecca 6yeT ABJATHCA (pyHKIMeH MepemeHHbIxX E,e, p, A, IpHuem pH u3ME 
HeHHM TepemMeHHoH E Bexktoppi e, p, A (uKcHpoBaHbl. 

3. B JWCnepCHOHHBIX COOTHOWICHHAX, CBASbIBaIOLIHX SPMATOBY HU aHTHSpMI 
TOBY YaCTH AMMJIMTYAbI Mpollecca, UMeeTCA HeHaGOJaeMaA OONacTb. Brsan ¢ 
HeHaOoaemol OOJaCTH MOXKeT ObITb BbIUHCIeH HM WMeeT BUT 


Eo 
+ | ae (GB) ee 
- EE, (Eo Ey 
—E>o 


pie SR; (p, A, e) (xen SUEY ‘i 


Ferg AV BE, fe EE EE 
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Ex E " , 7 " , u" 
(p, A, e) = — (i a =) [Vo (0", p’) Dagr(P, p") + Vag" (p", p ) Daa (P; P”)1, 


Fe 1 2E , ” 
Ro(p, A, e) = — 5 (1— 5) Do (0%, PVD, P") (12) 


a E wn” lA uv Ww , A 
(p, A, €) = —(1— 2) [Dar (0°, p’)Ver (Ds 2") + Dawg (0"s B')Ver (ps PV 


4 2E» 


5 (p, A, e) = — ral ip =) Vo (p", p’) D-a'g" (P, p")- 


>Cb S4 — onepaTop CHMMeTPH3allHH WH aHTHCHMMeTPH3allHH NO e, 


2 
p?— imo 


2 
a p?+ Mo 
270 au 


_ My -+ "ay? — mg — p? 
pl men ee 


E,= 2p° e 


Ey E< 
MbI BUM, YTO B HeHaGIOJaemy!o OGJacTb B uHTeppane |E|< E, jaer 
Taf, OMHOHYKJIOHHOe cocTosHHe. HenpepbiBHblii cnekTp, BOOOUIe TOBOps, 3a- 
ATDIBAeT YaCTb HeHAaOJIOMaeMOH OONACTH SHEPrH; OMHAKO, eCJIM BbINOJHAeTCA 
JoBHe m2 <4/4u°, TO BCera MOXHO HaliTH HHTepBasl 3HayeHHH p, BKOYAIO- 


2 M és 
WM TOUKy p? = 1/,p? M-pu? WA KOTOpbIX HempepbiBHbili CMeKTP JeKHT BbILe 


dora peakiwH. B cayuae mz = 1/42" COOTBeTCTByIOUee 3HAYeHHe MMIyJIbCa, 
A KOTOPOM HeHaOviiolaeMad OONIACTh OTCYTCTBYeT, PaBHO P-. B Bbiparkenne (12) 
WAT omepatoppl V u D. Onepatop V sBuanetca OObIuHbIM 3-BePLIHHHbIM 
2paTOpoM (OH UMeeT OMMH (OTOHHDI HM Ba HYKJIOHHbIX KOHIa), a ONepaTop 
ABJIACTCA 4-BePIIMHHbIM OlepaTOpOM (OH HMeeT Ba HYKJICRHDIX M [Ba qo- 
1HbIX KOHILa). 

B 3aksloueHHve BbIpaxKalo rulyOokylo OarofapHocTb akag. H. H. Borouwo- 
3yY 3a IleHHbIe OOcy2KeHHA padoTH, a TakxKe A. H. Tapxenugse nu H. A. Uep- 
AOBY 3a MIJIOJOTBOPHble AUCKyccun. 


OObeqHHeHHBIM HHCTHTYT Tlocrynuso 
 AJMEPHbIX HcceqOBaHH 5 Il 1958 


UMTHPOBAHHAS, JIMTEPATYPA 
1H.H.Boroaw6o0.Bn,5b.B.Menzsenes,M. K. 1 0n0u8 an OB, Bonpocn Teopuu 


‘epCHOHHBIX cooTHOoeHHuli, M., 1958. #J.C. Polkinghorne, Nuovo Cim., 4, 216 
56). %®H.H. Boroaw6os, Mss. AH CCCP, cep. ou3., 19, 237 (1955). 
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B. MOKPOBCKMH, ©. YJIMHH4 u C. CABBHHbIX 


JIOKAJIBHOE OTPA)KEHHE B BOJIHOBOJIAX TIEPEMEHHOrO 
CEUEHHS 


(ITpedcmaéeaexo axademuxom M. A. JIeonmoeuuem 12 IT 1958) 


IIpu pacmpocrpaHeHHu 9JIeKTpOMarHHTHbIX BOJIH B BOJIHOBOJax IlepeMeHHO 
CeueHHA BOSHHKaeT pacceAtHHe UW OTPaxKeHHve MO TPeM Pa3JIMUHbIM NPH4nHaM:?| 
1. Paccesuue u oTpaxkeHue, OOYCJIOBJICHHbIe JIOKAJIbHbIMM «epeKTaMH» Co 
MbI BOJIHOBOJa, T. €. YrIaMH, Pa3pbIBaMH KPHBM3HBI H T. M1. 

2. OrpaxkeHne  pacceadHue OT CeYeHHH, KPHTHYECKUX Pa3MePOB VIA Wane 
BOJIHbI (TOUKH MOBOPOTa). | 

3. HemokaIbHoe OTparxkeHne, OOYCJIOBJICHHOe HeperyJIA PHOCTbIO C(POpMBI B 
HOBOa B ILeIOM. 

B WaHHOH CTaTbe MbI PaCCMOTPHM JIOKaJIbHOe OTPaxKeHHe HU pacceaHHe EK 
Boro Tuna. Mbi 6yemM CunTaTb CeYeHHA BOJIHOBONOB MOCTOAHHbIMM Ha KOH 
HM MCJJICHHO MCHAIOWLMMHCA B MepexosHoH oOsacru. J]a MpocToTbl MbI po 
JIOCTPHPYeM MeTO pellleHHA 3aqaunH Ha Clyyae MIOCKOFO BOJIHOBORa Tepemey 
HOrO CeyeHHA. 

HampapyM ocb Z BJOJIb OCH BOHOBOa. ByfeM cuHTaTb, 4TO Move He | 
BHCHT OT KOOpAHHaTHI x. YpaBHeHve rpaHH, BOJIHOBO,a 3anuuem B (bop) 


y = Tf (a2), 


re &*—MaJIbId napamerp. IIpa z—--co cbynxuua f crTpemuTca cooTBe 
CTBeHHO K mpeeam f,. TloguepkHemM, 4TO nomHOe H3MeHeHHe ceyeHus f, — 
He MaJio. | 

BpejleM OpToroHasIbHy!0 CHcTeMy KOOpAMHaT y,C TaKuM O6pa3oM, TO! 
JMHYM 4 = +1 coBnafaiM c rpaHvlaMM BOJIHOBOJa, a KOOpsuHatTa C Ha BCI 
MpOTSXKeEHHA BOJIHOBOJa MaJIO OTJM4alacb OT KOOPAHHAaTHI Z. 

BpinovIHeHve yKa3aHHbIxX TpeOoBaHuli OGecMeuuBaeTCA Cue YIOULUM poiGopa 
KoopyuHaT 4, ¢: 


y = af (a2), EN Bay dz = \ 
0 


Pemaad 9TH ypaBHeHHA C TOUHOCTHIO WO «?, Haxo_UuM 
22 5 2 - y | 
y= nf (06) I—FP (ee h, z= 6 — 2 F (at) f (08). ( 


Ms3pecTHO, 4TO MlOCKad 3aqaua 9/IeKTPOAMHAMMKUM CBOUMTCA K pelleH 
y paBHeHua 


AU + bu = @ 


pM rpanMuublx ycnopusx U |y =0 qua Bou 2eKTpHuecKOrO Tuna 4 x | 
nN 


JIA BOJIH MarHuTHoro Tuma. 
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| 


B KoopyuHatax 7, ¢ ypaBnenue (4) npuHumaeT Buy 


(ER oA Sy Ue RPL Se 0, (5) 
nee ; i Es x ( we) 
L= [P+ Hl] Lo + [PP — > IP 2 (eZ) (6) 


nO ’ 1 ene] 9 
— Fae ler —s rt seh. 
[panwunbie ycJioBua 3anMuryTcs B Bue 


0U 
Cl es 0 ae an 


ected 


SameTuM, 4TO onepaToppi Ly, u Ly CyTb UeHbI pa3IO%KeHHA B PAX MO cTe- 
HAM TlapaMeTpa «?. 

Mb! npvMeHuM MeTO], KOTOPbIM ABJIAeTCA KOMOMHallHeH MeToZOB BexTiesa — 
amMepca — BpusuirosHa (MeTo, WKB) u oOnruHOrOo MeTO,a BO3MYIIeHHH. 
-PemeHve ypaBHeHHA HyJeBoro mpHOsMxKeHNA 


ron mee iO, 20 ae 
Fe age tae (Ft) + Ue =0 ) 


eM B BHIe 


Uo (1, 6) = Dd} [Von (6) cos kay + Von (6) sin pal, (8) 


0 


iMs 


| 
> hn = NT, Un = (N+ 1/2)e AA BOMH JeKTpHYeCKOrO THMa HW Ay = (1 + 1/9) 7, 
= nt JIA BOJIH MarHuTHoro Tuna. Mpl paccMOTpHM 3JeCb JIMLUIb CHMMeTpHy- 
€ THIbI BOJIH. 

[laa Upon Nomyyaem ypaBHeHHus 


{ QU on \ 27 it 
5 (Ft) +h) Uon = 0, ee Be (9) 


Pewenve ypasnenus (9) uujem Metoqom WKB. B uyseBom npHOsIMmkeHHH 
mydaeM: 

Ae ¢ 

Us = —Lexp|+i ( Radt’ |. (10) 

V Pal 
Mobi BUAMM, UTO B HYJIeBOM UpHOJMKeHHM OTJeJbHbIe BOJIHbI MpOXOAAT NO 
MHOBOLY, He paccewBasch M He oTpaxkancb. Ecsm p-a mpouspoguad pynkunn 
replUT Pa3pbIB BeMYMHbI o¢ B TOUKe Cy, TO pelllenHe ypaBHeHHA (9) OyzeT 
SICTABJIATbCA B BAe CYMMbI Mpoxogsueh u oTpaxkenHoi BomH. AmmuiuTyja 

a 8 ev + 

JaxKeHHOH BOJHbI A, CBA3aHa C AMIVIMTYZOH npoxogsmue BowHE! A, COOTHO- 


HHeM 


2h AT 7 i \pte ences 

p= —— |5>- Rnd?’ 

1 == oaP ; ee) exp 2i\ is | 

Tlyct B HYJIeBOM IIpHOMKeHMM PacMpOcTpanAeTcH TOJIbKO OfHa BouHa C 

excom [ cyiepa HampaBo: Uy = Udi cos X17. PynKiM0 1lepBoro pH 6u1MxKe- 

1 U, wileM B Be, aHaslorHuHOM (8). Tana bynkunit Uy, (©) momysaem ypaB- 
na 


(11) 


C= Go 


ae 

4 d [(pMin 2 —< sie Wt 1 
a ee ( at ) + Rae in oS RniVor ap Qat ao ( i 
905 


LAH, Te 120, Ne 3 


rye 


nin = tan ((F9® + Hab”) 8 — (UF)? — af) Biel — Bam Fr UF hf 
Qn = tam ((f')? —YshP), 


Sam = %mn = \ 7? COS Ant] COS Anh UN; 
Bs] 
1 


d d COS Ap 
Bam = Bmn ae \ aq Gi ; Uda | ) cos An dy. 
—1 


Pemenve ypapHenua (12) BbipasHM c MOMOLIbIO (yHKIWMH [puna G, (6,0 
ypapHeHua (9): 


Un=— | Gn (C0!) [Ran 2’) Uns (0) + Qn!) eh selec 


f (13 
Fatty exp E sen (C0) | td 


‘a al eee lg= t=O) : 
pda: V Fp (oh) Bp, (a0) F (a0) F (act) hero) 


AcumntToTHueckw mp ©—>-+ co COOTBeTCTBeEHHO NoJlyuaem 


exp [+ fe, ac’ | 


Uin = MA sn 
tes fi 
' (14 
j R,,+1kQ 
a fan wren. al TN <al Lee on 


B mpeanosoxwKenun MaJiocTu « MHTerpaiibl MA TIpHOJIM2KeHHO BbIUHCJIAIOTCA: 
G 
iP exp [i \ =F ky) dG’ | of [o,, (R2 + Rak) + Bar! FY 
(Ge, 4Vk,ky 


Mii =— ar 


OTMeTHM, 4TO JIA NOWYYeHHA aMIJIMTybI OTPaxeHHOH BOJIHbI C HHJeKCOM #| 
cllelyeT COKUTE BemMunEE M7 Ay? us (14) u AT us CLE. 

[lonyueHHble pe3yJIbTaTbl MOKa3bIBAaIOT, UTO 3dpeKTbI OTParxKeHHA UM pacced- 
HHA CYI[€CTBCEHHO 3aBHCAT OT TvlaKOCTH coweHeHHA. Pa3BHTbIli BbIllIe MeTOL 
JIerKO O6OOmlaeTCA Ha CuIyyaH BOJIHOBOMOB C NOMOOHbIMH CeyYeHHAMH, a Tak>Ke 
MOKeT ObITh MPHMeHeH pH HaJIMUMH TOUeK MOBOpoTa. 


VucrutyT palvuopu3suku HW 9JIeKTPOHHKH Hocrymusao 
Sanmaguo-CuOupcKkoro dusmuana 8 I] 1958 
Akaylemun HaykK CCCP 
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OKEAHOJOLH A 


K. B. BEKJIEMHLUEB 


BHOTEOrPA®HYECKASA TIPHPOWA HEKOTOPbIX BHJOB 
AHTAPKTHYECKOLO 3OOMJIAHK TOHA 


(ITpedcmasaeno axademuxom A. A. I pueopvesoim 11 IIT 1958) 


TowHoe 3HaHHe OnOreorpaduyecKOH MPHPObI 2KHBOTHHIX HEOOXOAMMO WIA 
aJiu3a IIpHuHH UX pacmpocrpaHeHua. Oguako Onoreorpaduyeckaa mpupoya 
KOTOPBIX MACCOBbIX BHJOB KOPMOBOPO aHTapKTHYeCKOPO 300M aHKTOHA BOSOY XK- 
eT pasHorsacua cpelqu uccmeqoBaTese. Tak, Rhincalanus gigas MpPW4HCJIAeT- 

TO K cyOaHTapKTHyeckuM BHyam (‘, 1°), TO k aHTapKTuyeckun (8, 4), To 
aHTapkTuyecko-cyOaHtTapKTuyeckum (°); Metridia gerlachei cunraerca To: 
TapkTuyeckon (11), TO HacesIAIOUeH MPOMEXKYTOUHHIN TeMIbIM CIOH, UMeIOWLHE: 
OaHTapKTHyecKoe HW CyOTponHyeckoe MpoucxoxeHnue *(°*). 

B AutTapKTHKe HMeIOTCA Ba WIMPOTHbIX TeYeHHA: BOCTOUHDIM MW 3anaHblliii 
eldbpr. Mx rpanutia (aHTapKTMuecKad JHBepreHUHA) MpOXOAUT MPHMepHO MO’ 
° 10. Wt. BocrouHbilt Wpelid) ABJIAeTCA MOLJHbIM 3AMKHYTbIM WHPKYMaHTapKTH- 
CKMM NOTOKOM. SanayHbili Ape y30K, MpwxXaT K MaTePHKY HM He 3aMKHYT. 
mope Yajleia OH BCTpeyaeT NpenaATcTBHe B Bue Oepera Semin Ipaama u 
BOPaNHBaeT Ha CeBep H CeBepo-BOCcTOK. IIpu 9TOM B paHone FOxuok Teoprun 
\OMCXOAMT CMe€LUICHHe BOX BOCTOUHOFO HM 3allaHoro WpeH*ow u MWwaHKTOHHOrFO 
ICEJICHHA STHX IBYX BOJHbIX Macc. Croa MpOHHKAaIOT C CeBepa TakxKe Cy6rpo- 
yeckHe BOJIbI, 3aHOcaHe Calanus minor, Rhincalanus nasutus, Clausocala- 
is arcuicornis u Apyrue Bub (°). OnpeqertuTh MpHHadexKHOCTb Kakoro-sH60! 
BHJOB K OJHOM H3 CMelIaBIIUMXCA BOJHbIX MaCC B 9TOM pahoHe Tpy Hee, 4eM 
<akKOM ObI TO HH OblIO Apyrom cekTope AHTapKTHKH. OHaKO HMeHHO TYT OBI 
ejlaHoO HavOobllee KOJMUECTBO TVIaHKTOHHDIX HCCeOBaHuu. Hue MbI pac- 
oTpum (11a csioa O—500 mM) pacmpeemeHne HECKOJbKUX MACCOBbIX KOMenO 
AumookeaHcKom cexTope AHTapKTHKH B cespasie 1957 r. Ha paspese no 57° B. J. 
sepepy oT Semuiu DuAepOu, re BOAHHIe MaCCbI BOCTOYHOTO-w 3anlagHOoro [peli- 
XOPOWIO pasJIMYaIOTCA MexKy COOOH u re B CHILy STOro onpeyeeHHe 300- 
orpaduyseckoli MpHHaiexKHOCTH OTJ@bHbIX BUAOB GOosee HayexKHo **. 

Pue. 1 noxa3piBaer pacnpegenenue Metridia gerlachei. Ona uerKo npuypo- 
da K 3allaqHomy lpelidby wv MOUTH He BbIXOJNT TaM 3a Npesedbl usoTepMbI — 1°, 

OCTOUHOM jIpelicbe (a2ke B XOJIOMHOH YaCTH MOBEPXHOCTHOFO COA, HMerIOLIeh 
Ke TEPMO-raJIHHHble XapakTepHCTHKH) ee MOUTH HeT. EXMHCTBeHHOE HaxOxK]e- 
e Ha cranunn Ne 210 B coe 200—500 M, BeposTHO, CBaA3aHO C ee MOJbeEMOM 

6omee rtyOOKUX YacTeli MpOMexKyTOUHOFO TeNOrO COA. Ouesugno, M. ger- 
-hei Hacemser BOJbI 3anayqHoro Apelita M pacipocrpaHsAerca B MpomMexKyTOU- 
i Tenbili cnof, a cleqoBaTembHO — mpaBbl u Croat ("!), w Okman (°). Ona 
(BET B 9THX PaSHBbIX BOJaX MPM OWCHb Pas/IMUHbIX TeMMepaTypax H B TO xe 
aya He 3aCeAeT B BOCTOUHOM Lpelicbe BOAbI C TeMMepaTy pol, OM3KO TemMepa- 


de WeHTpa ee OOUTAHHA. 
‘Calanus acutus (puc. 2) pacmpegemed cxoquo c M. gerlachei. Pasmuune co- 


+ a sig 

* Ora Boguad Macca HaspiBaeTcA MHOrZa TyOMHHO Bogolt (%). 
#* Jlannbie 10 TeMmepatype M COJICHOCTH B3ATbI M3 oTYeTa FHApOOrMyecKorO oOTpADA 
MopekKoli aHTapKTHueckoli 9KcMeqMIHA AH CCCP (wayabuuKk orpsyqa—K. B. Mopouxun)- 
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CTOHT B TOM, uTo C. acutus mupe pacmpocrpaHeH B BOCTOUHOM Apehde, Foxoy 
lO aHTapKTuyeckoi KOHBepreHwHH. B BocTrouHOM Apeltbe OH AKHBET TlaBHbI 
06pa30m B BepxXHelt YaCTH MPOMEXYTOYHOLO TelOrO CON. Calanus propinquu 
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Puc. 1. Pacnpenenenne Metridia gerlachei x cepepy or Seman Onpepou. J — uz0- 
TepMbI; 2 — uHCeHHOCTh Oonee | 9k3/m*; 3 — unceHHOCTb MeHee | 9k3/m°; 4 — rpanuma 
BOMHbIX MaCcC BOCTOUHOPO H 3alaqHoro Apelidos. Touku — cepegzHHbI TOpv30HTOB OOI0Ba 


pacilipocTpaHeH B OCHOBHOM JlO aHTapKTHYeCKOH AMBEpreHivu, HO MOUTH Bes: 
MpOCJIexKHBaeTCA JO aHTapKTHYeCKOH KOHBepreHItuu. 


Rhincalanus gigas (puc. 3), B MpOTHBOMOO*KHOCTh TpeM MepBbIM BHAA! 
B BObI 3alaqHoro Apeida He mponuKaer. CepepHom ero rpaHulle cay xP 
a 
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Puc. 2. Pacnpegenenne Calanus acutus k cepepy or Semau Sugepou. J — 
HM30TepMbI; 2 — M30rasIMHbl; 3 — uncmeHHOCTb 6onee | 3K3/M?; 4 — ync- 
JICHHOCTh MeHee | 3k3/M°. OctasbHoe — Kak Ha puc. | 


aHTapKTHyeCKad KOHBeprenitua. Ero weurp o6OuTaHua — B BOCTOUHOM Apeud 
a HaMOONbWat YHCCHHOCTh — B XOJIORHOM uacTH MOBEPXHOCTHOrO CyIOA Mp 
TaKUX 2Ke TemMepaTy pe H COMCHOCTH, KaKMe TOCMOACTBYIOT B 3alaqHOM ppeid 

Pacnpeyledenue BCeX 9THX PayKOB ONpesemAeTCA He TOMBKO aOCOMIOTHDIM 


SHaveHHAMH TeMMepaTyPbI HM COeHOCTH (*), HO B OrpomMHOH mepe — ux npuyp 
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HHOCTHIO K TOH BOAHOH Macce, Pe OHH HMEIOT LeHTp OOuTaHHaA. B Tuxom oKea- 


>» B 30HE CONMPHKOCHOBeHHA CMelUaHHOH u cyOrponnyeckoli BOJIHbIX MaCC, 
ACIOULHX CXOMHbIE MexKILY co6on TePpMOlaJIHHHbIe XapaKTePHCTHKH, MHOrHe 
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ic. 3. Pacnpegenenue Rhincalanus gigas x cesepy or Seman Sugzep6u. 1 — usorepmpr; 2 — 

oramuHa,; 3 — unceHHOcTb Oovtee | 9K3/m?; 4 — uncmeHHocTb MeHee 1 9k3/M3; TakoBa 2xe 

CJICHHOCTh H Ha rviyOuHe 100 M Ha cTaHunaAx 208 u 209, rae Rh. gigas umeetca. Ocraub- 
Hoe — Kak Ha pune. | 


[bl PUTO- H 300MMAHKTOHA TaK2Ke OOMTAIOT TOMbKO B OHO U3 HX HM He Mpo- 
1KalOT B COCeHIOIO BOHY10 maccy (*, 4). Dro NpovcXoAHT No TOM MpuuuHe, YTO 
IaHKTOH H€ MOXKET CaMOCTOATEJIBHO BbINTH H3 CBOeH BOJHOM MaCCbI, 4 COCeTHAA 
la, XOTb WH NOAXOAAMAaA NO YCJIOBHAM, OCTaeTCA emy HeAOCTYNHON. 

Metridia gerlachei mpuypouena 8B OcHOBHOM K 3alaqHomy jpelicby u sBuiser- 
( B OCHOBHOM BbICOKOaHTapkKTuyeckolH. Calanus acutus u C. propinquus 
ICIIPOCTpaHeHbI MPCHMYILECTBCHHO B 3alaqHOM jpelictbe, HO He peAKU H B BO- 
OuHOM, HU ABJIAIOTCA TMIPCHMYULECTBeEHHO BbICOKOaHTapKTHYeCcKHMH. Rhinca- 
nus gigas, OOuTalouluH B BOCTOYUHOM pelidle, ABJIAeTCA HHKHEAHTAPKTHYe- 
‘um. Euphausia superba u E. crystallorhophias pacnpoctpanenbl B NoBepxHO- 
HbIX CJIOAX IIPeHMYUIeCTBeHHO K JOry OT aHTapKTHYeCKON AuBepreHun (°). 
4H, CJICOBAaTeJIbHO, IPCHMYILeCTBEHHO BbICOKOaHTapKTuyecKne. E. frigidan E. 
iacantha He mpouuKaior K IOry OT aHTaPKTHYeCKOH JHBEPreHUMH HM ABJIAIOTCH 
DOKHeaHTapkTuyeckuMH. I]poBpoyqumoe HaMH pa3euleHue aHTapKTHYeCKUX BUOB 
| BbICOKO- MH HH*KH€AHTaPKTHYCCKHE OK a3 aJIOCb BOSMO2KHEIM M AJIA PUTOMAHKTO- 
\(*). K cepepy or mopa Yayseuua BOLI BOCTOUHOLO H 3analHOro Apeldos cmeln- 
JOTCA, HW CO3aeTCH AHOMAJIbHOe N10 CpaBHeHHIO C APyFHMM CeKTOpamu pacmpe- 
JeHHe BOJHDIX Macc HW HacesAIOMerO UX 300MaHKTOHA. BoicokoanTapKTuye- 
He BUI, UMeIOWHe WeHTp OOUTAHHA B 3alaqHOM Apehde, He MoryT He NoMNa- 
Tb B 9TOM MECTE B BOJbI BOCTOUHOTO Apelttha. HuxneanTapKTuyeckHe BUI 
anpumep, Rhincalanus gigas) nomayator “3 BOCTOUHOrO Jpelidpa B 3anayubili 
mope Besiuucray3ena, upaBya B MaJibix KoulMuecTBax (*). Janee Ha 3anay 
1, gigaS B 3amajjHOM J[pelidbe yxKe He BCTpeyaeTCA, BEPpOATHO MOTOMY, YTO OH 
cnoco6eH pasMHOKaTECA pH TemMepary pe Huxe 0° (*). 


Uucruryt oKeaHosornu Toerynu10 
Axayemuu HaykK CCCP 11 Il 1958 
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Jloxnayn AkaweMun HayK cccP 
1958. Tom 120, Ne 3 


tO. T. AJIEEB 


MPHCMOCOBJIEHHE K JBH)KEHHIO H MOBOPOTJIMBOCTb PbIB 
(ITpedcmaeneno axademuxom B. B. Hlyaetixureim 13 11 1958) 


Jlia XapakTepHCTHKU CnOCOOHOCTH pO K MpAMOsHHeMHOMY (H BOOOUIe K ICI 
cTynaTebHomy) 7Buxkexuio B. B. Ulyneikunbim (') Obi mpesioxwKeH XxapakTepy 
cTHueckhHi Kosdibulnent comporuBiaenua NV: 


rie fo — CHa mOOoBOro conpoTuBseHuA, @ — BbICOTa Tela pbIObI, b —e 
WWMpHHa, Up — cKOpocTb ABHxKeHHA. YMeHbluenue Kosppuunerta N coorse 
cTByeT YJIYULIeHHIO THAPOAMHAaMMUeCKUX KayecTB pbIObI H HaOOOpoT. 
Cnoco6HoctTb pblO K H3MeHEHHIO HallpaBJIeHHA JBH2KeHHA (MOBOPOTJHMBOC 
pbi6) 40 HacTroslero BpemeHH He Oblia H3yueHa. Huxe u3ssaralorcnA pesyJIbTar’ 
HallHX HCCIeOBaHHH MOBOPOTJINE 
cru pbl6. Jia xapakTepuMcTHKH Te 
JleqHeH HAMM MOJIYUeHbI BbIPaxKeHH! 
OCHOBDIBaIOlWHeCA Ha yueTe BEIMUNA I 
BpalllalouluX MOM€HTOB, BbISBaHHY 
CHlaMH, eHCTBYIOUIMMH Ha_ pbiti] 
: IPH W3MeH€HHH HalpaBJIeHHA JBI 

Puce. 1. Cur, qecTByromue Ha pplOy B MOMeHT 2KCHHA. IIpu “u3mMeHeHuHn HallpaBuJit 
moBopoTa. IlyHkTHpomM “u300paxeHa Tpae KTOPHA HHA JBMUXeHHA, KPOMe CHI, JI@HCTB* 
JIBWXKeHHA pbIObI. OcTasIbHbIe NMOACHEHHA B TEKCTE IOUMX Ha pblOy BO BpeMaA baie 
HeliHOTO JBW2KeHUA, elicTBy10T WeH' 

poOexHaa CHa, IpWIOxwKeHHaA B WeHTpe TAxecTH (puc. 1, C) H HanpaBeHHa 
epmeHIHKYJAPHO K HallpaBJIeCHHIO JBUXKeCHHA, B CTOPOHY, MPOTHBOMOJORKHy) 
TOH, B KOTOPy!0 Npon3Bogutca noBopot (pue. 1, R), u cua peakWHH BOI, BO: 
HuKalollad pH OOKOBOM cHOCe Tea PbIOb] NOX AeHcTBHeM WeHTPOOeKH 
CHJIbI, H 10 CBOeMY HallpaBJICHHIO aHTHMapaJebHad eH, T. €. HalpaBJIeHHa 
B CTOpOHy moBopota (puc. 1, F)*. C gocraTouHbim MpHOMWxKeHHeEM MOKH 
IIpHHATb, YTO CHa F npHO*wKeHa B WeHTPe MPOMOMbHOM BepTHKaIbHOH (np 
MOBOPOTe B TOPH380OHTAIbHOH MIOCKOCTH) WIM TOPH3OHTaIbHOH (pH MOBOpoO) 
B BEPTHKAJIbHOH MJIOCKOCTH) MpOeKIHH PbIObl, HIM — KaK MbI YCJIOBMMCH Ha3it 
BaTb 3TY TOUKY — B lWeHTpe peakuuu (puc. 1, O). B nogaBasarouem Ooh UIMHCTH 
culyuaeB TOUKH C u O exKaT He Ha OMHOM BeEPTHKaIU, OarofapaA uemy CHJIbI | 
u F oOpa3ytoT Mapy c BpalilaloluluM MOMeHTOM c TvIeyom / (puc. 1). B Sanaa 
MOCTH OT B3aHMHOTO pacnomowKenuA TOUeK, C uO, 97a Napa MOXKET ObITb KaK BPe} 
HOH (ecu O mexuT c3aqu C), Tak vu MOue3HOH (ecru O mexuT cnepemu C), T. | 
OHa MOXKET HOO 3aTPYAHATb MOBOPOT, CTPeMACh OTKJIOHUTD MepeqHuit KOHG 
Tea PbIObI B CTOPOHY, MPOTHBONOOXRHYIO TOM, B KOTOPyIO NpOUsBOAUTCA TI 


* MbI IpHHuMaeM, 4TO pbiOa TBHXKETCA JIMUIb MOL AelicTBHeM CHJ MHepI\HH, He coBepul 
MJaBaTeIbHbIX JBHXKeCHHU TeJIOM. STO WoNywWeHve, HE MCHAA yCNOBUH 3afaun, U3s0aBAeT Hac 
HeOOXOMMMOCTH PacCMAaTPHBATb Mapa3HTHble NOMepPeuHble CHJbl, BOSHHMKAIOUIMe Mp BbIMO/IHeH! 
ppi6oK MiaBpatTebHEIX ABMKeHH (4). 
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Opor (MOKa3aHO cTpesKaMu Ha pu. 1), 1460 OGeruaTb ero, CTPeEMACb OTKIIO- 
HTb NlepeQHUH KOHEIL Tela PblIObl B CTOPOHY MoBOpoTa. Sro cupaBelIHBO MIA 
OBOPOTOB KaK B rOpH30HTaJIbHOH, TaK HW B BEPTHKaJIbHOH MOcKocTAX. IlocKoub- 
Y IPH BbINOJIHeEHHH PbIOOH NOBOPOTOB BCcergqa HaOwIOMaeTCA OOKOBOH CHOC ee 
O] JeHCTBHeM WeHTpOOeXKHOH CHJIbI, OY€CBUAHO, UTO Cua F m0 MOsysO BCerya 
eHbIue Cub! R u noromy Moment M yaHHow napbl cum GOyjer 


M=-+FI. (2) 


HaKH + B BbIpaxkeHuu (2), KaK HM HWKe B BbIpamkenuaAx (5) u (6), O603Ha- 
aioT, YTO BPalllatoluwuH MOMCHT MOXET OKa3bIBaTb MOJIOMKUTEIbHOe WIM OTPH- 
ATeJIbHOe JeHcTBHe. 

BeanunHa cusbt F nponopiHouasbHa miomjaqu coorBercrBy1omleH (BepTH- 
‘AJIbHOH WJIM TOPH30HTAJIbHOH) MpOObHOK mpoekiHu pbl6pl. a Haxoxye- 
[MA TWIOWaH MpoekUHH BbIyepTHM, Moc- 
le H3MepeHHA HeOOXOJHMbIX PaccTOAHHH, a 6 € 
IPOeCKIHI0 PbIObI B OMpeeJICHHOM MaCclUITa- 
}e Ha KYCKe KapTOHA, H300pa3HB BCe Ma- 
SHHKH B TaKOH CTeMeHH PaciipaBJICHHbIMH, 
<aK 3TO HMCBOHCTBeEHHO IIPH BbINOJIHeCHHH 
)bISOH KPYTHIX MOBOPOTOB B FOPH3OHTAaJIb- 
10H (pH H300paxKeHHH BePTHKaJIbHOH Mpo- 
KIIMH) WIM BePTHKaJIbHOH (mpH us00pa- 
KeEHHH TOPH380HTAaJIbHOU MpOeKILHH) mwloc- Puc. 2. BeprukanbHaa Mu ropH3oHTasb- 
<ocTax (puc. 2) (8a WBYxKeHHeM HCCuIeqye- Hat MposombHpre mpoeKiuu Sprattus 
WbIX PbIO MBI HaOwlOLaIN B akKBapHyme). sprattus phalericus. I[poseyeubl yopmasn 

K TIpOWObHOK OcH pbIObl, MpoxofamHe 
Tamee, BbIPe?KeM IIPOeKILHIO H Y MOJY4CH- — yene3 yeutp TaxKecTH (a), WeHTp peaK- 
{oH urypbl HalijleM WeHTP TAXKeCTH, KO- wun (6) u Kone Mo3sBoHoUHOrO cros6a (Cc) 
POpbIN ABJIAeTCA IeHTPOM MpOeKIMH; 3TY 
rOuKY MbI H IpHMeM 3a IlenTp peakuuu. I iowayqb BepTHKabHOH MPOAOIbHOM Mpo- 
>KILHH O603HayuHM Yepes S, ropu30HTabHOH—uepes Ss. 3aTem ONpesesIuM BeHUH- 
abl S 4S (B CM?) H HalilemM JJIMHbI CTOPOH PaBHOBeJIMKUX MOJYYeHHbIM MIOWAalAM 
<Bal|paTOB, KOTOPble OyyT COOTBETCTBCHHO PaBHbI VSu V s. Buipa3uB 9TH Be- 
THUMHbI B MPOWeHTax JVIMHbI pblObl JO KOHIWa NOSBOHOYHO"O cToNOa (L), NOyYHM 
ITHOCHTEJIBHbI€ BbIParKeHHA: 
“WWI BEPTHKaJIbHOH MpPOAOMbHOM MpoeKIMH 


V SES107, (3) 


ba G 


WA POPH30HTAaJIbHOW 
| Vale 2107} (4) 


IlenTp Ta2xKecTH (IleHTp HHeplHH) PbIObl OMpeeAICA B Bosyxe* myTeM 
MpOKaJIbIBAHHA PbIObI CTaJIbHOM cMMIeH. 
 QO6o3HayuM MeyO Bpallaloulero MOMeHTA JIA Cy4¥ad NOBOpoTa B rOpH3OH- 
TaJIbHOH MocKocTu yepes /, WA CyUaAd MOBOPOTA B BEPTHKAJIBHOM MJIOCKOCTH — 
gepes A. Benuuuunt / u h, Oyayuu BbIpaxKeHbI B MpOMenTax JWIMHbI pbIObI JO KOH- 
ila mo3sBoHouHOoro cTom6a (L), Camu mo ceOe MOLyT CJLY2XKUTb BeIHYMHaMH, Xa- 
PakTepH3YIOU[HMH MOBOPOTJHBOCTD. MopmyJla AIA Cy4Yad MOBOPOTAa B FOPH30H- 
TaJIbHOM mocKocTH OyJerT: 


K = LIL «10% (5) 
a JIA CUy4aA MOBOPOTa B BePpTHKaJlbHOU MJIOCKOCTH: 
b= AL. 10°, (6) 


* B pose leHTp TAKeCTH PbIObI OMPeeMUTh HEMb3A, TAK KaK B BOC MbI HMM TesIO He C cuumolt 
‘TSOKECTH, a C PaBHOselicrBy1olleH CHI THKECTH M PHApOcTaTHyeCKOM CHIBI JaBJICHHA BOJIbI, U 
? ” oe -s 
JOUKa NpusowKeHvA STON paBHoyelicrByloluleH He Copmanaer C I[@HTpOM TAKECTH. 
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Tlomnoxxus (3) Ha mpaByto wacTb paBeHcTBa (5), Hatem MOuIHy!0 XapakTepu 
cruky moBoporuBocTH Z Aud CLyYad MOBOPOTa B OPH3OHTAIbHOM IWIOCKOCTH 


Zine HalbV SER a0 (7 


AnanormuHo quia culy4ad MOBOpOTa B BePpTHKaJIbHOH MJIOCKOCTH 3 (4) u (6 
MOJTYuHM: 


i= ah Visio ae 10 (8) 


AnreO6panueckoe yBesm4eHHe XapakTepucTuk Z HU Z COOTBETCTBYET YBe/IMYCHH 
MOBOPOTJHBOCTH PbIObI H HAaOOOpoT. 


Tao an mivay «tl 


TlonHad xapakTepucTHKa ropu30HTasbHO (Z) HM BepTHKaMbHOl (Z) MOBOpOTAMBOCTH 
Hu KoabiunneHT conpoTuBsienua (N) AJA pas MUHbIX ppd 


Tio HalmuM JaHHbIM Ilo Wyanetixuny * 


L, CM Zi Z 

Sarda sarda (BI.) 45,1 —238 —27 
Auxis thazard (Lacépéde) 29,1 —275 —d4 
Squalus acanthias L. ATS —285 +28 
Glyphis glaucus (L.) 182,5 —318 +33 
Sardina pilchardus sardina (Risso) WAST —366 +23 
Germo alalunga (Bonnaterre) 67,0 — 384 —76 
Clupea harengus harengus L. PS 8) —393 —18 
Sprattus sprattus phalericus (Risso) 10,0 —411 +44 
Alosa kessleri pontica (Eichw.) 29,0 —420 +33 
Trachurus mediterraneus ponticus Aleev 16,1 922 —03 
Odontogadusmerlangus euxinus(Nordm.) 41,6 —o28 +44 
Atherina mochon pontica Eichw. 8,1 —5o6 —90 
Mugil auratus Risso ay) olf +94 
Spicara smaris (L.) ip tht —o87 —11 
Clupeonella delicatula delicatula 

(Nordm.) 6,6 —o89 —59 
Puntazzo puntazzo (Cetti) 31,0 —590 +42 
Mullus barbatus ponticus Essip. 17,5 —599 —4 
Lophius piscatorius (L.) 03,8 —614 —78 
Corvina umbra (L.) 27,41 —773 +60 
zeus faber L. 22,0 —782 +4115 
Trigla lucerna L. 49,2 —841 —o6 38,0 : 
Labrus prasostictes Pall. 26,8 —868 +141 ~= — 
Scorpaena porcus L. PyehO) —896 +272 Ale) 0), 254 Fy} 
Uranoscopus scaber L. 15,8 —927 se — — Bi 
Neogobius melanostomus (Pall.) 42,8 —1040 +113 16,5 0,260 


* T\anupie, OTHOCAMMeCH K HEMOJIOBO3PeJIbIM SK3CMIMJIAPaM, He BKJIOYeCHBI. 


B ra6. 1 dopmbl pbi6 pacnouloxeHbI B MOPAAKe YMeHbIeHHA 3HAYeHUM NO-| 
HOW XapaKTePHCTHKH TOPH3OHTaIbHOM MOBOPOTMHBOCTH Z; BCe room eal 
9K3eMIIAPbl — NoOOBospeble. Kak BUAHO u3 TaOm. 1, HaMOoMbUIyIO ropusoH-| 
TaJIbHY1O MOBOPOTJIMBOCTh MMeIOT ObICTPO JBHTalolulMecd MelarMueckue PbIObI:| 
nelaMua, TYHUbI, aKYJIbI HU CeubAeBble. Jlaee UYT HECKOJIbKO MeHee MOJBHXK- | 
HbIe H Ooee HEPHTMYeECKHe (POPMbI CO CMeIIAHHBIM WHTAHHeM: CTaBpufa HM Mep-. 
JlaHr. 3a HMMM CIeLYIOT 3HAYHTEIbHO MeHee MOABUKHbIe He PbIOOATHbIe (POpMBI: | 
aTepHHa, Ke*aJIlb HU CMapHila, a H3 CeJIbeBbIX — a830BCKO-YeEPHOMOPCKaA TIOJIbKa.- 
Hakouell, mocuiequio1o rpynny oOpasyioT MaJIONOABHXKHbIe MPUOHHbIe (POpMbI: 
Puntazzo, Mullus, Lophius, Corvina, Zeus, Trigla, Labrus, Scorpaena, Ura- 
noscopus u Neogobius, npwuem ocoOeHHO MasIOl MOBOPOTAMBOCTbIO OTWIMUAa- 
IOTCA TPH MOCMeEAHUX UeHa 3TOH TpyNMbl, BeqyuMe HawmMeHee MOBY XKHDII 
OOpa3 %*H3HH. 
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BeprukaJibHad MOBOPOTIMBOCTh B MOJYYeHHOM psae PopM H3MeHAeTCA Cua- 
e, UCM TOPH3OHTAIbHaA; 3HAYeHUA Z Y OoMbUIMHCTBa (opm Gu3sKku. MoxuHo 
[MeTHTb JIHIUb 3aMeTHOe yBeJIMYeHHe Z Y MpHOHHbIX opm: Mugil, Corvina, 
eus, Labrus, Scorpaena u Neogobius (ra6u. 1). Yaenuuenue BepTukavIbHoli 
OBOPOTJIMBOCTH y MepeyHCJIeCHHbIX (OPM HENOCPeCTBEHHO CBA3AHO C IPHOH- 
SIM OOPa30M XKH3HH, IPH KOTOPOM MOBOPOTHI B BeEPTHKAJIbHOl MIOCKOCTH CO- 
spllaiorcs yale, YEM B TOPH3OHTaJIbHON (°). 

B WeOM BepTHKaJIbHaA MOBOPOTJIMBOCTh UMeeT WI PbIO HECpaBHeHHO MeHb- 
ee 3HayeHHe, YeEM POPH3OHTaJIbHad, TaK KaK BCe€ NOJBHXKHbIe PbIObl MPH Cco- 
sPIeHHW Ha OOJbLWIMX CKOPOCTAX MOBOPOTOB B BEPTHKaJIbHOM MIOCKOCTH OObIY- 
) JO*AKATCA Ha OOK, B pe3YbTaTe YerO NOBOPOT B BeEPTHKAaJbHOH MJIOCKOCTH 
3JIHETCH MOBOPOTOM B UX JlaTepaJIbHOH MIOCKOCTH, a He B JOP30-BeHTpaJIbHOH, 
aK Y OCTAJIbHbIX pbi6. B pesybTaTe ITOTO MOBOPOT OKAa3bIBaeTCA Oosee 9KOHO- 
auHbIM (7). [losromy akoNOrMyeCKH pa3IMUHble (OpMbI pbiO 10 XapakTepucTuKe 
pa3sMuaroTca MHOrO cyla6ee, YeM MO XapakTepucTuKe Z. 

PaccmaTpuBad NOJYUeHHbIT HAMM pay opm, B KOTOPOM PbIObI pacnoOO*KeH bl 

NOpAKe YMeHbINeHHA 3HaueHHH Z, MbI YOexKMaeMCH, YTO ITOT PAT NpeMCTaBAeT 
OOH KaPTHHY 3aKOHOMePHOrTO U3MCHEHUA SKOJIOPMM Culararoulux ero (opm: 
 HaHOovlee NOABHXKHbIX XHIL[HbIX NearHyeckux (pOpM K HaWMeHee MOABH KHIM 
JMJOHHbIM BUAM, B UHCJI€ KOTOPbIX MbI BHJIMM JIMOO pbiO, HMeCIOWLHX Tak Hasbl- 
leMOe «MHPHOe» NHTaHHe, HOO XMULHHKOB MOAcTeperarollero THMa, He CMOCO6- 
IX K CKOJIbKO-HHOYb JJIHTeJIbBHOMY TpecsIeqOoBaHuIO JOOHIUH. 
_ Takum 00pa30M, MbI HM€€M OCHOBaHUA CUHTATb, UTO FOPH30HTAaJIbHaA MOBO- 
TIIMBOCTb TIpeCTaBAeT COGOH OUCHb BaxKHbIii 3eEMeHT PHAPOAMHAaMUKH PbIObI. 
‘OT BLIBOA NOMTBEpxXKWaerca Tak2ke H TEM, YTO H3MCHCHUA XapakTepucTHKH Z 
[YT apaJeIbHO C H3MeCHEHHAMH KOspPuluenta comporuBsenua N (Tabu. 1): 
YMe€HbIUeCHHEM TOPH3OHTaJIbHOH MOBOPOTJUBOCTH HaOwJIOaeTcA B OOILEM 3aKO- 
yMepHOe yBeIMYeHHe JOOOBOrO COMpoTHBeHuA. COBOKYNHOe HCHOsb30BaHHe 
ipakTepucTuk Z u N co3jaer pescTaBeHne O THAPOAHHAMMYeCKUX KayeCTBAaXx 
IObI HW MO3BOJIACT TaTb UMCJICHHbIe BbIPAXKeHHA ITHX KAUeCTB, YTO MMeET BaxK- 
6 3SHAYeHHE MPH pelleHHu pAa mpoOwem chuoreHuu uM CucTeMaTHKH pbIO u 
)M U38VYYCHHH UX OHTOTeEHETHYECKOLO PasBUTHA, a TaK*Ke pH paspaOoTKe mpoo- 
MbI ajlaniTalluv B ee OOUIEM BHJe. 


CeBacTonoybcKasd OnOsOrMuecKan CTaHUMA Hocrynuso 
Akajlemuu HayK CCCP 2511 1957 


IMTMPOBAHHAS JIMTEPATYPA 
1B.B.Uly 1e 4% k wu, Ousuka mops, 1953. 710.T. Aaees, JAH, 110, N24, 707 (1956). 
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O. H. KATAEBA 


BJIMAHHE ®PAKWMOHHPOBAHHOLO PEHTTEHOBCKOrO 
OBJIY4YEHHS HA AMYHHKU MbILUIEN 


(ITpedcmaeaeno axademuxom T. JI. JIetcenxo 17 IT 1958) 


B ucceqopaHuax paga apropos (° °, 7°, 1? 7%), vsyuaBUIMx BJIMAHHe CT@ 
PWINSY1OIHX 03 PeEHTTeHOBCKOPO H3/IyYeHHA Ha CMepMaTOreHes MpH OFHOKPa} 
HOM H (ppakI[MOHHPOBaHHOM BO3eHCTBHH, ObIO MOKa3aHO, YTO Apoosenue TC 
yCuJIMBaeT TOBpexaromnu sppexr. Ycumenue sppekta MpOABAMOCb He TOJIbK 
B CTCNMCHH MOPpaxKeHHA OTACIbHbIX JJICMCHTOB CllepMaToreHesa, HO HM BCKOpOC 
ero BoccraHoBueHna (8, 12, 18), OqHako B paOorTe (*), MpoBeweHHOM Ha MbIIla 
mpaBla, Ip MCHOb30BaHHH Apyroro Tecra — BeCa CeMeCHHHKOB, YCHJIeHHA Md 
Bpexkalollero JeHCTBUA pH *pakKWHOHMPOBaHHH JO3bI He HaOOMaOcb. | 

CpaBHuTeibHoe u3yueHHe JeHCTBHA OMHOKPaTHOrO WH (bpakKUMOHHPOBaHHG 
PeHTTeHOBCKOrO OGJYYeHHA Ha KOMYeCTBO POIUKYIOB B AMYHUKaX KPOJIAK 
Obl10 mpoBezeHo Desaive (4, °). CpaBHenue 9pekTHBHOCTH CAHOKpaTHOM U pai 
J[eICHHOM Ha MATb CeaHCcoB (Cc HHTepBaJiOM B 2 WHA) o3bI 1050 r noKasao ye 
JIeHve NOBpexaiolero JelicTBuA mpH PpakwuouupoBannun (*). [lo3quee Tor | 
aBTOp HaOoqa HeKOTOpOe ycusIeHHe NOBpexaloulero a:Ppekta pu PpakWy 
HUpoBaHHH (°), HCNOb3yA WO3sbI OOMyueHHA 1750, 2000, 2500, 2750, 3000 

MorvuabHuuknui u Kapauy (+), moqBepraBline peHTTeHOBCKOMY OOJIyueHH 
B jose 1200 r AWuHHKH KPOJIHKOB, He OOHaPpyXWIH Kakux-MOO pasHUne 
KapTHuHe MOpdoJIOrHyecKHX H3MeHEHHH TPH OMHOKPaTHOM, PpakIUHOHHPOBaHHt 
u (ppakIMOHHPOBaHHO-NPOTAXeHHOM BO3JeHCTBHH. 

Tlockombky BOMpoc 0 3aKOHOMePHOCTAX CyMMapHOrO NOBpexarollero Tei 
CTBHA HOHM3HPYIOULHX W3JIyYeHHH Ha AMYHAKM MJICKOMHTAIOULUX HeIb3A cul 
TaTb PelUeCHHbIM, OblJIa NMOcTaBeHa 3aaya — MpOCNequTb BJIMAHHe PeHTT 
HOBCKOrO OOJIYYeHHA Ha AWMYHHKA MbIllell MpH PpakWMOHHPOBaHHOM BO3]e# 
CTBHH. S| 

B ucceqoBaHuax paya apropos (2, 3, 1!) ycraHoBmeHo, 4TO JaxKe HeOOUIbIL 
JO3bI PEHTTEHOBCKOFO OOyueHHA, NOpayka 50—100 1, BbIsbIBaIOT HeoOpaTHMy 
H3MeCHCHHA B AWYHUKAX MbIlUeH, MPHBOAAUIMe K NOJHOH MOTepe MIOZOBUTOCTT 
Tak, Halpumep, m0 aHHbIm (*), Mocme OOulero OMHOKPaTHOrO OOIYUeHHA B JO) 
50r y OebIx MbIWeH HaOOaloTCA HeOOpaTUMble HapyWeHHA ICTPabHOTO ILM 
aia. [Ipu o6syyenun B 7o3ax 15 uw 25 r y camoK, y KOTOPbIX 3TH BOSTelcTBUA | 
BbISbIBAIH 3AMeTHBIX HapyWeHH B XOJe SCTPaJIbHOTO WMKJIa, HMeJIO MeCTO 3HI 
UMTeIbHOe CHWKeHHe MI0ZOBUTOCTH. TlosTomy B HacTosuel paOore mpHMeH} 
JIMCb CPaBHUTEJIbHO HU3KHe JO3bI OOIyueHuA (6u3KHe K OOT). B KayectBe 0664 
Ta HCCJI€AOBaHHA HCIOJIb3OBaIMCb WHKJIHPYIOulve CaMKH OeJIbIX MbIWeH B BG 
pacre 3 mec., KOTOpble NOBeprasuCb OOLMIEMyY PEHTTeHOBCKOMY OGJIYUeHHIO OI 
OHOKPaTHOM UH *pakUMOHHPOBaHHOM BO3eHcTBHuM B o3sax 30 u 60r. On 
BpeMeHHO OJHa rpynma caMOK Oblla OHOKpaTHO OOyyeHa Wo30H 15 r. Opat 
I[MOHHPOBaHHe OCYMeCTBIANOCh NyTeM JemeHHA Wo3 (60 u 30 r) Ha WBe paBHl 
YaCTH C HHTepBaJIOM MexKYy OOyyeHHaAmH B 1, 2, 4 u 8 cyroK. Kourpomem a 
XKWJIH OJHOBO3PpacTHble HeEOOJIyYeHHbIe CaMKH. YcOBUA OOJYYeHHA HeCKOUIDbI 
BapbHpoOBaH OT ONbITAa K ONbITY. Hanpaxxenne 180—190 ks, cua ToKa 5—10 
MOWHOCTbh JO3bl OT 3 Wo 7 r /MHH, PuDTpHI 0,5 mm Cu + 0,75 mm Al. 

PKuBOTHbIe, NOyUMBUMe No3y 60 r, 3a6uBamucb yepes 1, 2, 3 u 4 cyrTol 
a oOulyuaBluneca mpu 103ax B 30 u 15 r — uepes 1, 2, 3, 4, 15, 30 u 60 cy 
o14 | 
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mocue mocmeqHero oOyueHuA. Y BCeX MOMOMbITHbIX HM KOHTPOJIbHbIX CaMOK IPH 
MepHO 3a MeCALL 0 OOJYYCHHA HW BIVIOTh AO 3a008 MPOCMaTPHBaJICA SCTPaJIbHbI! 
WMK. AWYHUKU 3aOHTbIX YKUBOTHIX (PUKCHPOBaJICb %KUAKOCTHIO LleHKepa B MG 
qucdukainu Maxcumosa. [locae 3aiuBku B NapaduH MpaBbld AWYHMK KaxK Or 
2>KHBOTHOLO pesauica CepHinHo. TomujuHa cpe3os 6 pu. [Ipenaparbl okpaliuBauc) 
KHCJIbIM reMaviayHom m0 Maliepy, mocre vero Ha KaxKJIOM JleCATOM Cpese MOJCun 
TbIBAJIOCb YHCJIO HEMOBPeXKTCHHIX POJIUKY OB (radu. 1). 

Jlanuple Ta6u1. | moKa3bIBalor, UTO y OOJIYYeHHbIX KMBOTHBIX, 10 CPaBHeHH 
c HeOOJIYYeCHHBIM KOHTPOJIeM, yKe BMepBble THA WOCMe BOS AeHCTBUA HaOMIOMaeTc? 
pe3koe CHH2KeHHe YMCA MPHMOPHaJIbHbIX CouMKYyJIOB. CHu2KeHHe 2%Ke GHCII 
pacTyWHX (OWIMKYJIOB HacTynaeT B Ooslee OTaJIeHHbIe CPOKM UCCeOBaHHA 
Pu6elb PomMKyI0B y OOJIYYeHHbIX 2KMBOTHBIX NOKaSbIBaeT IPAMY10 3aBHCH 
MOCTb OT JO3bI BO3HeHcCTBUA. Tak, CCIM Yepe3 CYTKH MOCTe OMHOKPaTHOrO OO.1yyeE 
HHA MbilueH mpH Wo3se 15 r yucso CcOXpaHUBINMXCA UPUMMOPAHaIbHbIX POsMMUKY; 
JOB coctaBaset 48,7% OT KOHTPOJIA, TO Y %KMBOTHBIX, MOUYUMBUUMX OHA! 
KpatHble 403! 30 u 60 r, OHO BbIpamkaetca cooTBercTBeHHO B 10,2 u 8,9%. Fi 
nocwleqyrolwe CPOKH HCCJIeOBaHHA XapakTep 39TOH 3aBHCHMOCTH COX paHAerCcA 

HeoOxofuMo yka3aTb, YTO MO Mepe OTLaJIeEHHA CpOKa OT MOMeHTa OOJTY4eHHS 
YUMCICHHOCTh MPHMOPIMaJIbHbIX COMJIMKYJOB YMeHbilaeTca, OCTaBaAcb (Mp) 
ucclIeqOBaHHH uepes 15, 30 u 60 cyroK mocae O61yyeHUa) Ha ypoBHe 15% noc} 
qosbi 15 r u B mpegxestax S—1% nocae Jos 30 r. Y mobile, nowyaHBUIMX OH 
KpaTHyio Jo3y 60 r, MpHmMopAHaJIbHble POMMMKYJIbI MOUTH MOMHOCTHIO UCUesAaIO 
yepes 3—4 cyTok nocuie OOsyueHHA. | 

B TreyveHve NepBbIxX YeThIPeX CYTOK MOcJe OOyYeHHA Y MbIlel, OOyUaBLMX 
ca mpu Wosax 15 uw 301, HaOmogaioTca KOeOaHUA B UMCIEHHOCTH NpHMOpHa 
HbIX (OJWIMKYJIOB. Bo3MOxKHO, 3TH KOMeOAHHA CBA3AHbI C MaJIOUMCJICHHOCThM 
MaTepHasia. OkonYaTe/IbHOe CY KTeHHe 10 STOMY BOMIpOcy TpeOyer AONOMHUTETS 
HOO H3Y4eHHA. 

CHAXKeHHe THCJIa PacTYUHX POMMUKYJIOB HaGMOLaeTCA B 3HAUHTEIbHO MeHb} 
eH CTeMeHH, YeM MPHMOPJHaJIbHbIX, HM HaCTyMaerT B OoOuee OTMa/IeHHbIe CpOK! 
(yepes 15, 30 u 60 cyrok) nocae o6myueHus. 

[Ipu conocrapnenun sdcekTHBHOCTH MOBpexkyAalomero pelicrBHA peHTre} 
HOBCKHX JIlyueH Ha AMYHHKH MbIlUeH B 3aBHCHMOCTM OT XapakTepa OOJyUeHH: 
B ose 30 r erKO 3aMeTHTb, UTO MOUTH BO BCe CPOKH HaGJIIOeHUA HM BO BCEx 
BapWaHTax OMbITa B CJlyyae PpakWMOHUPOBaHHA COXpaHAerca OoublWee UHCI 
MPHMOPAMaJIbHbIX (POJWIMKYJIOB, YM IPH OAHOKPaTHOM BOSAelicTBHH B TOM xe 
jose. IIpu sTom crenenb nopaxkenusd (POJWIMKYJIOB 3aBHCHT OT HHTepBasla MeEXKTY 
OTNCJIbHBIMH SKCHOSHNMAMH. IIpu OoubIemM HHTepBalle MEKTy OOyaeHHAMY 
HaOwOfaeTca OOmbIWad COXPaHHOCTh MOsMMHKY JOB. Hampumep, ecw uepes 3) 
CyTOK mocie PpakUMOHUPOBaHHOrO OOMYYeHHA C MHTepBaaMu MexKTYy BoO3 reli} 
CTBHAMH B 4 v4 8 CyTOK 4NCIO MPHMOPAMabHbIX (POIMKYJIOB CocTaBuIAeT CC 
oTBercTBeHHO 29,8 u 24,9% or HOpMbI, TO C HHTepBalamu B | u 2 cyTOK ond 
papuserca 9,5 uw 7,2%, a m0 rpyune CaMOK pH OHOKpaTHOM OGvlyyeHuH B TOS 
*e ose 2,7% oT HOpMbI. | 

Ilo pacrynium (bouwiukyJam Takxke OOHapyXUBaeTCA CHEDKeHHe NOB Pex aio 
ilero aekra IpH @pakuvouNpoBanUuH Jo3bI 30 r (pu Mogzcuerax uepes 30 u 66 
cyTOK mocje oO1yueHusa). MB asTom curyuae COX PaHAeTCA Ta Ke 3aBUCHMOCTH 3p 
(bekTa OO1y4eHHA OT HHTepBasla MEY BOS TelicTBHAMH, KOTOPaAa HaOsOaercs 
M0 MPHMOPAHaJIbHbIM (OJWIMKYJIaM, a MMeCHHO: vem Ooi TIPOMEXKYTOH 
BPeMECHH MIpOlled] MexKAY OOJTYYeHHAMH, TEM MeHbIUe MOBperxarlollee elicrBue| 

IIpu o61yuenuu B nose 60 r B Au4uHuKax MbIlUeli Mocae OJHOKPaTHOTO BOs jel | 
CTBHA HaOJIOLaeTcA OUCH PeskOe CHHXKEHME YMCA NPHMOPAMaJbHBIX (oun | 
KYIOB, HOXOMAULee MOUTH JO MOMHOrO MX MC4YesHOBeHHA K 3 u 4 HIO Moc 
oou1yueHua. [Ipu bpakunonupoBanHom OG6/1Y4eHHH B TOM xe N03e ruOeNb bom) 
KYJIOB HReT C elle OOMbWeH HHTeEHCHBHOCTBIO. OnHaKo TOBOPHTh C MOO yBee 
PeHHOCTbIO 06 yCHJeHHH NOBpexjatomero JelicrBuA mp Vegan 
qosbi 60 r, OrpaHwuMBaAch TOKO TPHBECHHIM MaTepHasioM, HeJIb3H, MOCKOJIb: 
KY 9TH HSMCHCHUA MPOXOMAT Ha OUCHb BbICOKOM YPOBHE THOeIH MOMIMKYJIOBS 
016 
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JABHEHHE Pe3YMbTATOB MOACueTa pacTYWHX POMIUKYJIOB Moce OMHOKPaTHOrO 
(PpakUWHOHHPOBaHHOTO OOsIyYeHHA B ose 60 r He NOKa3alIO KaKHX-JIHOO 3aKO- 
MEPHBIX pa3sJIMYH MPH UCCIeOBaHHH B TeyeHHe MepBbIX UeTbIPeX CYTOK Mocue 
3 EHCTBHA. 

OG6uapyKeHHoe B HallleM HCCIEOBaHHH CHMKeHHe NOBpexaromlero apekta 
JIYYeCHHA HA AMYHHKH MbIWeH Np PpakWMOHHPOBaHHOM BO3JelCTBHH B Jose 
)r WO HEKOTOPOH CTeNeHH COrlacyeTcaA C pesyJbTaTaMH OMbITOB MO XpoOHHye- 
‘omy oOyyeHuio (7), B KOTOPbIX NOKa3aHO, YTO HapylleHuA 3CTPaJIbHOrO WHK- 
2 Y MbIllieH MpH XPOHHYeCKOM BO3eHCTBUH MaJIbIMH JO3aMH raMMa-Jyuell Ha- 
yllaroT mpu Goble CyMMapHOHM oO3e, YeM MPH OJHOKPaTHOM PeHTTeHOBCKOM 
JIYYCHHH. 

B 3akj10ueHHe aBTOp BbipaxKaer TruayOoky1o OvlarofapHocTb wWJieHy-Kop- 
cnoHjexty AH CCCP H. VW. Hyxguny u H. UV. Wanupo 3a pyKosogcrso u 
OMOLIb B padorTe. 
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Jloxaaypn Akagemun Hwayx CCCP 
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TEXHHYECKAA ®HSHKA 


Jl. H. FYCEBA u A. A. BABAPIKO 


MCKA)KEHHWA KPHCTAJIJIMYECKOU CTPYKTYPbI MEM 
WU EE TBEPJIbIX PACTBOPOB TIPH JAE®OPMALLHH 


(IIpedemaeaeno axademuxom H. I. Bapdunom 7 XII 1957) 


Mmerourneca B HacTOAee BPEMA SCKIEPHMECHTAIbHbIeC AHHbIe HE MO3BOA107 
M0Ka YCTaHOBUTb 3aBHCHMOCTH MC?KY MOBbIINeHHeM MPOYHOCTH MeTAaJIJIOB TIpH 
HX JIeTHPOBaHHH HW H3MCHEHHeM CHI M@2%KATOMHBIX CBA3eH, aTaKKe Hal JeHHOH Bi 
TBePAbIX PaCTBOPaX BeMMYMHON CTaTHYeCKHX UCKaxkeHuu. I]peqcraBrxer HHTe? 
pec ucceqOBaHHe MpolleccoB, MpOTeKalOulMX B YACTHIX MeTasaxX WM craBa ° 
MO NeHicTBHeM TaKHX (PakTOPOB, KaK TeMMepatypa Mu Harpy3ka. 

B pa6ore (+) mo usyueHHto KPMBbIX aTOMHOFO pacceAHMA Me/IM H ee TBep AbIw } 
pacTBOPOB C IHHKOM, MpOBOMBIUeHCA Ha OTOXKXKeHHbIX MOCe HAallMJIOBKY| 
MOpollkax, OTMe¥aOcb, 4TO WIA CHATUA 9pekTOB esopMalun B Mey 
H ee cmviaBax mocleqHHe TpeOoBaIH Ooee WIMTeEIbHOM TepMoOoOpaboTKH 
IIpwumHou 9TOrO MOFIM ObITb HeOJMHAKOBbIe COCTOAHHA NOCIe HallHJIOBKH| 
Kas3aslocb HHTe€peCHbIM HCCJI@OBaTb Ha 9THX OOBEKTAX H3MCHECHHA TOHKCIM 
KPHCTaIM¥YeCKOH CTPYKTYPbI B pesyJIbTaTe MacTHyeckOH TecdopMalluH. 

Jia OWeHKH WCKaKeHHH CTPYKTYPbI Ob HCMONb3OBaH HEORHOKPAaTHO OMIM! 
CaHHbI B WHTepaType adPPekT pacWiMpeHHA PeHTTeHOBCKHX HHTepdepeHLNoH 
HbIX M@KCHMYMOB MeTaJJIOB TIpH edopmMallun, OObACHAeMBIN H3MeJIbUeHHeN 
o6acreli KOrepeHTHOTO paccetHHA HU OCTATOUHbBIMH MUMKPOHAalpAKeHHAME 
Pa3HbIX 3HAaKOB, yYPaBHOBELIeHHbIMH B pesetwax ogHoro cepua (* °), Usyyanued 
3IEKTPOJIMTHYeCKad Melb WH TBEP]bI€ PaCTBOPbI C IMHKOM UH aJIKOMMHHeM. 

YroObl mpocequTb BIIMAHHe KOHICHTPallWl HW PpasMepOB PaCTBOPeHHbIX aTO) 
MOB Ha pa3BHTHe€ HWCKayKeHHM TOHKOM CTPyKTYpbI CMaBoB mp OUHaKOBBIM 
YCJIOBHAX WePOpMaHHH MW BLIACHUTb 3HAYeCHHE HANWJIOBKH B CO3aHHH UCKaxe; 
HHH 0 CpaBHeHHIO C MIpOKaTKOM B IWHPOKOM JMalla3soHe etopmallni, Obit 
MpOBeAeHO KaueCTBeHHOe H3yYeHHe WHPHHbI pedleKcOB MeMH pxAya one 
nocle pa3zIMuHOH jedpopmaliuu (cm. Tad. 1). | 

Cuutku pasmepom 15 X 10 X 2 MM® mpoKaTbIBaHch Ha pYy4HbIx adopay 
TOPHBIX BaJIKkKaX IPH OOJIbIIOM UHCIe NpoxoZoB Wo oOxaTuH 16, 46 u 90% 
HanwJienHple NOpOwKU MpocenBaiucb yepes cuTo 300 me. Murepdepenmnor 
Hble CM€KTPbI ObIJIM MOJYYeHbI OT MeAHOrO (PHJIbTPOBaHHOTO M3syUeHUuA TYTEI 
aBTOMATHYeCKOH perucTpalluH Ha cnekTpomerpe YPC-50u. 

B ra61. 1 NpHBOAATCA WIMPHHbI, Y3MePeHHble Ha MOMOBMHE BbICOTbI MAKCHMY| 
MoB. AHaJIH3 pe3yJIbTAaTOB NOKasbiBaeT, UTO paciepeHHe pecbieKcoB pH OAHOL 


Ta6Oauna 1 


Ilupuua (B MHsJIIMMeTpax), HSMepeHHaH Ha NOJOBHHE BbICOTHI pedseKCOB MeAH H ee TBP ABI 
pacTBopoB (cbeMKa B A Ci) 


IIpoxatKa 
OEE ENS. © OOxKATHEM 16% c o6xaTHem 46% c o6xKaTHeM 90% Hommpores 
(aT. %) 

} 444 | 200 | 220 | 844 | 114} 200 | 220) 314 111 | 200 220 | 344 | 144) 200 | 220 

Gr —| =n] te) 016,01 rear ar olege seen, 

Cu— Zn 3% | =|) | ee een een ec cee ome 
Cu—Zn 10% | 4,6) 6,3] 655) 7,7) 450) Oy Ol fea 1s. Olam | Onin eg O22 16, 2110 a0 
Cu— Al 4,699) 4,15) 6.0116 55) 7,,8)5).0)) 6, Cli oiO) 0 =e ee 5,9} 9,9/410 
Cu—Al 13% |5,0|7,2/7,0/8,4/6,2/41 |9,7/12 [6,2] —|10 | —Jg’o/16' |12 


518 


OH 2Ke CTEMeHH JePopMallHu AA UCCMeyeMbIX. TBEPIbIX PpacTBOpoB Oouble, 
{ WIA UMCTOH MeyM, MpH4eM OHO TEM 3HAUHTeIbHEee, UCM BbIIe KOHIeHTPa- 
i TBEPROro pacTBopa U OOMbLe PpasHHlla B ATOMHBIX pa3Mepax KOMMOHEHTOB 
[aBOB, B IIPOTHBOBeEC HEKOTOPOMY YMeHbUICHHIO YIIOB paccesHUA 0, CBA3aHHO- 
C COOTBETCTBYIONIMM HapaCTaHHeM MOCTOAHHOH KPHCTaJIMYeCKON pelllerkKU 
lapoB. Kak BHJHO, JIA OMHOTO H TOO Xe ClWiaBa HallHNOBKAa MPHBOAUT K OOb- 
MY paclIMpeHulo peteKcoB MO CpaBHeHHt C MpOKaTKOH axe Jo 90 % ecbop- 
Iuu. OrmeyeHuas panee (1) ayH30Tpomua pacuiMpeHuA pecbleKCOB B 3aBHCH- 
STH OT KPHCTasOrpaduyeckoro HallpaBIeHHA MpOABIAeTCA pesyue WIA Crvla- 
3 OOJIbIUHX KOHILeHTPallui. 
Ua pasqelenun tbakTOpoB, BJIMATOULMX Ha LWHPHHY JHHUM, H TEM CaMbIM WIA 
HeHHA BONpOCa O MPHUHHe AONOHUTEbHOFO NO CPaBHEHHlO C MeJbIO pacilu- 
IMA pedleKCOB Je:POPMHPOBaHHbIX TBePAbIX PaCTBOPOB, ObWIH MpoBeeHbI 
3TOPHbIe KOJIHYECTBEHHbIC H3MeEPeCHHA LWIMPHHbI JIMHHM Ha MOpOlKax Mequ U 
TBepAbIx pacTBopos c Al (4,6 u 13%) u Zn (10 u 25%). 3HauuTenbHaa WMpH- 
pedlekcoB HaNWIeHHbIX OOpaslOB H MPHMeHeHHe Y3KUX eel MOsBONMIN 
‘THTHYTb JIOCTaTOUHOH TOUHOCTH B ONpeeseHHU HCTHHHOFO paclIMpeHuaA pu 
SICHHH MOMpaBOK Ha HHCTPYMeHTaJIbHy!O WupHHy wnHHN (°). 
MurepdepeHwHoHHble CieKTPbI ObIIH MOJyYeHbI aBTOMaTHYeCKOH 3alINCbIo 
HOHH3alHOHHOM ClieKTporpade OT  xelesHOrTO (uIbTPpOBaHHOTO U3Jy- 
ima Hu (poTorpaduyecku B Kamepe KMCII or monoxpomaruyeckoro x*e- 
3HOrO H3JIYYeHHA C MOCeLyIOUIMM oTOMeTPHPOBaHHeM PeHTTeHOrpaMM Ha 
rHcTpupyroulemM MuKpodotomerpe M®-4. Ilupuna HHH HaxO_Nach NyTeM 
ICHUA IIOMatH MAKCHMYMOB HHTCHCHBHOCTH Ha UX BbICOTY (TOUHOCTh +5%), 
cle YerO BHOCHJIMCb NonmpaBkKH Ha Kao, H HHCTPYMeHTaJIbHOe pacliMpeHHe 
MeTOLY, OMMCaHHOMY B padore (°). IIpu sTom y4uuTbIBaOch TakxKe yBeHUe- 
€ IIMPHHbI CN€KTPaJbHOM JIMHHM C POCTOM yrvloB paccedHHA. Sa MHCTpyMeH- 
IbHY10 IUMPHHY MPWHUMaslaCb WUpHHa pedPleKCOB OTO2KKeHHOH Men, M0- 
aBleHHad Ha K,,.,.-pacuiupenue. IlonpaBku BBOAMIMCb C yueTOM (POPMBI Mpo- 
A MHTepdbepeHILMOHHbIX MaKCHMYMOB, Pe 9TO MIpeCTaBJIAJIOCb BO3MO2KHBIM, 
[POTHBHOM CJIyuae paCcCMaTPUBaJlaCb BO3MO%KHAA MOPpelUHOCTh B ONpesesIeHHA 
rMHHOFO paClIIIMPeHHA H3-3a HETOUHOTO Bua NOMpaBKH. 
'B jaxHHol paOote He MpoBoxusica rapMOHHYeCKHH aHalu3 POPMbI JIMHMM AWA 
"@HOBJICHHA 3AKOHOB pacipeyeseHuA 4YaCTHIL MW HallpaxKeHHH NO BesMUHHe. 
JIM IIPHHATHI K CBeEHHIO BbIBOZb! paOorpl (*), YTO HCTHHHAA opma peduie- 


1B IPH HaJIMUHH TOJIbKO U3MeCJIbBUeCHHA BbIpawKaercA (byHkuHen TH ax? a8 


| a 1 

quae MUKPOHaTIpswKeHMH ome 

| Bo u36exKaH ne OWHOOK BCJIECTBHe AHU3OTPONHOPO PaclUMpeHHA JIMA MH M0 pas- 
JHLIM KPUCTaJOrpapvueckHM HallpaB/eHHAM Pa3sfelenue spPekTOB U3MeJIb- 
bHA MM MHKPOHalpAKeHHM NpOUSBOAMMOCh M0 pediekcaM Ppa3HbIX NOPANKOB 
oro HanpaBsenus. Ucnomp3opasca MeTox rpacwueckoro pasfenenua (°). 
\B ra6n. 2 npuBoyatca sHayveHuAa MCTHHHOM WHpHHsI pecbreKcos (111) u (222) 
IMOPOLIKOB Me M ee TBEPLIX PpacTBOPOB, a TakAe YKasaHbl AONM pacuiupe- 
[ 3a CueT H8M@JIbUCHHA HM MUKPOHAIIPAKeHHH MW BHIUHCJIeEHHbIe Ha OCHOBaHHH 
‘x JIAHHbIX BeJIMUMHDI OOsacTeli KOrepeHTHOrO paccesuHuA D uM UX OTHOCHTEJIb- 
ik meopmaunsa ba/a. Ilo Mepe yBeMucHHA KOHIeHTpallHH TBeporo pacTBopa 
rer WHpPWHa JMHMi, Ipw4yeM HeCKOJIbKO YBeMYMBaeTCA NOMA H3MeJIbYCHHA 
\ObIBaer JOA MHKPOHANpAKeHHH; STO OoMee Pe3kO MPOABACTCA Y CILMaBOB 
lc Al,uem c Zn jut OMHaKOBbIX ATOMHDIX KOHMeHTpaunit. Bauyy Toro, 
| Melb OOHAapyKHBasla CNOCOOHOCTh K OTJbIXy NMoce etopmalluu, MA 
bHKH uCKaxKeHHM cyOcTpyKTYPbI Mp HamMOBKe OblIa usMepeHa IWMpuHa 
WeKCOB MeIH, HalWleHHOH Mp HUSKOM MM KOMHAaTHOH TemmMepaTyPpax. 
)Muxponanps2KeHua B UNCTOK MeIH, HanmuJieHHOH Mp HH3KOH TemMepaType 
i cnmaspaxc 10% Znu 4,6% Al Opium OM3KH NO BeMUNHe. Tlist Meqw, Hamiu- 
PHO pH KOMHaTHOM Temleparype, BeMunHa da/a@ OKa3aslacb MeHbIeH, 
old 


TaoOuauna 2 


Benuuuna D u Sa/a B MegxH u ee TBEPAbIX pacTBOpax Tocde HalHJIOBKH 


McTHHHad UINpHHa — 
pedweKcos B pa- Jlona B pacuiMpeHuH iy ** Be Ha- Siease 
Cocras cnmapa | Auanax B X 10° red YcuoBuA 
at. % i eee en Dep ae HaruJIOBKH 
nae 114 Da here ais npr ee sein Beal is | 
= 
Cu 5,0 21 0,21 0,84 2000 240) IIpu oxsaxyeb 
XKUXKHM a30TC 
Cu Dio 17 0,73 0,35 600 el IIpu KOMHATHG 
Temmlepartype| 
Cu — Zn 10% 8) fs) 3S 0,6, 0,49 370 PR, To me 
Ci — Zn 25% 18 iy) 0,7, 0,35 160 _— 5 
Cu — Al 4,6% 8,3 PU 0,6, 0,46 390 1,8 eee 
Cu — Al 13% 18 46 0,95 ests 130 — Bch 
* (M + 2N)? ** ~ sec 9 $4 Sa if. g 
Siena D= MB: ae kes 


OUeBHAHO, BCAeMCTBHe OTAbIXa. B cayyae TBeEpAbIX pacrBopoB Megn c 13% A 
u 25% Zn yMeHblIleHHe JOH HanpAxKeHHH u OueHb OONbIOe paclMpeHue fl 
(pleKCOB BbICIIMX NOPAAKOB NOHMKAalOT TOUHOCTH ONpeAesIeHHA BeJIMYMHbI MUKP 
HallpAKeHHH, UTO eaeT 3ATPyIHHTEJIbHbIM KOJIMUCCTBEHHOe CPaBHeHHe Nowyye 
HbIX BeIHUHH 6@/a. Pa3mepbl O6lacTeli KOrepeHTHOTO paccesAHHA JIA BCeX CIV 
BOB OLCHHBaIHCb C JOCTATOUHOU TOUHOCThIO, TaK Kak JOJIA H3MCJIbYCHHA B MCTH 
HOM PaCUIMPeHHH Bese BeIHKa (3a HCKJIIOUeHHEM MeIH, HalHJIeHHOM IPH HH3K 
Temlepatype). Ha6miogasocb 3HauHTeJIbHOe YMeHbIUeHHe pa3MepoB OOAaCT 
KOrepeHTHOrO paccesHHA MDM BOSPpaCTaHHH KOHIWeCHTPalHH CIaBOB HW YBell 
YeHHM Pa3HUllbl B ATOMHbIX pa3sMepax MeM UM Jerupyroujero KOMMOHeHTA. I) 
pa0K BemuuHHb! D pia cnuapoBp Mequ c 13% Al u 25% Zn copnayaeT c Ha 
J@HHbIM B pa6ore (7) MIs HanueHHoro mopomKa Cu—Zn 30% (180 A). Pasm 
pbl OOlacTeH KOrepeHTHOrO paccesAHHA WIA MEU, HAMWJICHHOH IPH HH3KOH Te 
nepatype, HaMH HalileHb! OOJIBLIMMH, UeM B Me, HaMWJICeHHOH MPH KOMHaTH 
TemlepatType. OTO HaxOQUTCA B CormacHH C MpelcTaBseHHemM OO H3Me/IbUeHI 
6J1IOKOB MO3aHKH pu oTspIxe (8). 

Vrak, HaliqeHHoe 3)lecb 3HaUHTeIbHOe YMeHbIWeHHe pa3MepoB OOw1acT 
kKOrepeHTHOrO pacCeAHHA B CIIaBaX YKa3bIBaeT Ha OCHOBHY10 IIPHUHHY, BbIsE 
Balolly!O JOMOJHUTeIbHOe NO CpaBHeHHIO C MeJ[biO PaclMNpeHHne JIMHHH ePpopM? 
POBaHHbIX TBepAbIX pacTBOpoB. Takoe pa3uIMuHe B CTeNeCHH H3MEJIbYCHHA, T. 4 
B uHcJIe, a BO3MOXKHO, WH XapakTepe paciipeseweHHA HapylWeHHi npaBHJibHe 
Ne€PHOAMYHOCTH KPHCTaJIM4YeCKOH CTPyKTYPbl MeH H ee TBEPAbIX PacTBOpOl 
MIPHBOAHT K MpeAMOMO2KeHHIO O PaSHOM MeXaHH3Me UX MacTHyecKOl ecopma 
I[MH, UTO, BEPOATHO, H ABJIAeCTCA MPHYHHOM MOBbILIeHHA MeXaHHyeCKOH Mmpos 
HOCTH TBePpJIbIX pacTBOpOoB. OrmeyeHHoe BbIIle pa3JIMuHOe MoBeqeHHe MeL 
TBepAbIX PaCTBOPOB IPH OTKUTe MORKHO OOBACHHTb BJHAHHeEM OCOOeHHOCT 
CYOCTPYKTYPbI Ha MpoOleccbl pocta KPHCTaJIJIHTOB. 


Mucrutyt metamaypruu um. A. A. Baiixosa Toerynuso 
Axanemun Hayk CCCP 3 XII 1957 
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HTornzann Akanemun Hayk CCCP 
1958. Tom 120, Ne 3 


TEXHHYECKAA ®PH3BHKA 


b. A. MOBUAH 


NOJIMPOHH3AUHA JIMTbIX METAJIWJIOB H CiJIABOB 
(ITpedcmaeaexo axademuxom I. B. Kypdtomoseim 13 II 1958) 


HismeHenmio (POpMbI M pasmMepoOB MepBUYHIX KPHCTAJMUTOB B AUTHIX CranAax, 

MeyeHHoMy BoepBbie JI. K. Uepxosnim (') u HasbiBaemMoMy OOblmuHO mporec- 
M Ppany/IAIHH, MOCBAUEH pA paOor. OHH UcCMeMOBAaTeIM CBASbIBAaIOT OOPa- 
BaHhe Pa3sJIMYHbIX CTPYKTYP B JIMTHIX CTaJIAX C YCaOUHbIMH HallpaA»KeHHAMU 
ciurke (*), 10 MHeHHIO Zpyrux (3,4), u3MeHeHHe NePpBHUHbIX KPHCTaUTOB 
JOHCXONNT B pesy/bTaTe PasOBbIX MpeBpalleHuu, HEOMHOPOAHOCTeH Kpucrasl- 
[¥eCKOH CTPYKTYPbI, BbIPaBHHBaHHA TpaHul, 3epeH UM COOMPaTeMbHOM peKpH- 
aJIJIM3 alu. 
Haim na6moJeHua Moka3asiv, YTO U3MeHeEHHe (OPMbI MepBHYHBIX KPHCTaul- 
[TOB HM€eT MECTO B JIMTbIX MeTaJax HW CivlaBax, He MperepMeBalolmux PasoBbix 
eBPAeHHH, H CBA3AHO C HeCOBePIeHCTBAMM KPHCTaJMYeCKOH CTPyKTY pbl. 
Tlepponayabuo Onlin NpOBeXeHb! OMbITLI 10 H3yYeHHIO POPMbI MepBHUHEIX 
MCTaJIJIMTOB H AX H3MCHeHHIO B CJIMTKaX UMCTOTO HUKeIA M MeqM. CaMTKA 
com 500 r BbINaBsIAIHCb B Ja6oparopHot BakyyMHOH meun. IlopepxHocts 
MTKOB UMCJla 3ePKaJIbHbI BU HU ObWwia WocTynHa [WIA HeMocpesCTBeHHOTO 
yueHHA OJ, MHKpockonoM. Bown MpoBeyeHbl CpaBHeHHA MMUKPOCTPYKTYPbI 
OJOJIbHOTO C€4YeCHHA CJIMTKOB MOCe IIeEKTPOJIMTHYeCKOTO TPaBJIeHHA UM UX 
BEPXHOCTH. 

B momepeuHoM CeueHHH CJIMTOK HHUKEA HMeJ MOUTH PaBHOOCHbHle HIM HEMHOTO 
ITAHYTble KpucTalImuTbl. Ha noBepxHOcTH HUKeA B pesybTaTe OObeMHOTO 
(pekTa IPH KPHCTaJJIM3alMH YeTKO MPOABJIAIOTCA MePpBMUHbIe JeHAPUTHI. 
‘TECTBCHHO, UTO YKa3aHHble JeHAPHTHbIe (POPMbI pocta He MOFVIM ObITbh OOHa- 
XKEHbI IPH TpaBJeHHH COOTBETCTBYIOWLMX CeYeHHH CJIHTKa W3-3a TO%XKecTBeH- 
CTH COcTaBa OCel J@HAPHTOB H MEXKTYOCHbIX NpOCTpaHcTs. 

len {puTuble POpMbI pocra Ha NOBEPXHOCTH CIMTKA B MPOHSBOJIbHbIX HanpasB- 
HHAX MepeceKaloT MPAMOJIMHeHHbIe TpaHHb! HOBbIX MOUTH PaBHOOCHBIX KPH- 
ammuToB (puc. la). Oru rpaHUbl TOKO B YACTHBIX ClyYaAX COBMaalor Cc 
TpavvyHo 30HOM WByX CM@XKHDIX WeHIpuToB. Mopma, pasmepbl HOBbIX KPH- 
AJIIMTOB Ha MOBePXHOCTH CJIMTKa aHaJIOPHYHb! KpuCTaJIMTaM B CeyerHH 
UTKa. 

B cautke mMeqM mpovcxo_uT moxoOnbIMd mpowecc oOpas0BaHuA rpaHull 
BbIX KPHCTaJIJIHTOB. 

Usmenenue (popMbl MePBMUHEIX KPHCTAJIJIHMTOB Mb! HaOJIOLaiM B CHHTeETHYe- 
MX OMHAPHBIX WM MpOMBILWJIeCHHbIX MHOTOKOMMOHEHTHBIX ClJIaBax Tita TBEPIbIX 
CTBOPOB, He perepmeBatoulux (PasoBbIxX MpeBpalleHul B MpoWecce OxMarKe- 
A,— Ha ocHoBe 2Keyle3a, HMKela wu Mewu. Ha puc. 16 u306paxena MuKpo- 
NYKTYPa IIPOMBILIeHHOrO CJIMTKa Hep2KaBelollled XPOMOHUKeNeBOH aycrTe- 
THOH cTtalu Tuna X25H20. B 2sTom cayuae, OularoqapaA HasIM4uHIO JeHAPUTHOU 
OHOPOMHOCTH, MHUKpOCTpyKTypa (PUKCMpyeT OAHOBPeMeHHO NePBUYHbIe eH- 
UTI HW PpaHUUb! HOBbIX KPHCTAIJITOB, OOpasOBaBIUUXCA B Mpolecce OxWarkWe- 
dq. ONNCbIBaeMOMY JpOO/IeH M10 M€PBMYAbIX KPUCTAUTOB B MeTaJIaxX W CIWla- 
X IIPHCyMM CelyrouNe OCOOeHHOCTH: 

1, Vsmenenne opmbl NepBHYHbIX KPUCTAIUTOB NpOMCXOMMT Kak NPM Mey: 
THOM OXJa2%KIeHUM OT TeMMepaTyp 3aTBepAeBaHHA MeTaJIJIOB H CIWIaBOB, Tak 
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M MPH OO/bIUIMX CKOPOCTAX OXJMAa*KCHUA, HAMPUMep, BCBapHBIX IUBaXx, PC CKe 
pocTh OxJaxKMeHHA MOCTHTaeT 80—100 rpaz/cex. : | 
2. B meraululax H CiwiaBax C YeTKOM TeKCTYPOM pocTa, BbIparKaloulenCcA B H¢ 
JIMGHM CTOMOUATHIX KPHCTAIUTOB C eHHOOOpasHOl OPHeHTallueH, HOBbIC KDI 
CTaJWIHTbI TaKIKe HMEIOT BLITAHYTY1O (POpMY C MpaBHJIbHOK OpHeHnTalinen. 
[Ipu orcyrcrBun cTporolt TeKCTYPbl pocTa HOBbIe PpaHUltbl pasjeda oOpa3ykt 
(pOpMbI KPHCTaJIJIMTOB, OJIM3KMe K PaBHOOCHBIM. | 
3. Usmenenue cbopMbl NepBHUHbIX JeCHAPHTOB MpOHCXOMMT B CIWaBax THI 
TBePIbIX PaCTBOPOB C Y3KHM HHTepBaJIOM 3aTBepeBaHHA, HallpHMep, BCHCTEM 
Ni — Fe c pecoBbim cojepxKaHvem xKemeza Wo 80—85%, Ni — Co — Jo 90) 
KoOanpta; Ni — W— yo 30% Boubdpama. CnaBbl C y3KHM HHTepBaJG 
3aTBepleBaHHA, KaK M3BeCTHO, COJepKaT MMHUMAJIbHOe KOJIMYeCCTBO paccedl 
HbIX YCaOUHbIX MUKpoOyeeKTos u Mop. IIpu paciumpeHuu UHTepBadla 3aTBep]y 
BaHHA, MO Mepe YBeHYCHHA MUKPOJeeKTOB HW BEMYMHbI ACHAPHTHOK HeOsHe 
pomHocru, mpollecc u3MeHeHHA CPOpMbl MePBMYHIX KPUHCTAaJIIHMTOB NPOABMAeTC 
Bce CyjlaOee MH, HaKOHell, BOBCe Mpekpaujaetcnh. Tak, Halpumep, B CiWaBa 
Ni — Ti, Ni — Nb, Cu — Sb, Cu — Sn usmenenue dopmbl MepBHUHbIx Kp 
CTaIJIHTOB MPOHCXOAMT TOMbKO MIP CoepxXaHHH BTOPOFO KOMMOHEeHTAa NOpAIK 
0,5—3%. B 6onee OoraTbIx cimwlaBax PpaHva HOBbIX KPHCTaJJIHTOB CTaHOBUTG 
OUCHb HepaBHOMePHOH MO IWHpHHe HU B OTJCJIbHbIX CJIyYYaAX COBCeM OCTaHa 
JiMBaeTca Ha MUKpoedbextax (puc. 2). [Ipu qambHelillem yBeIMYeHHM KOHLER 
pallHH BTOpOroO KOMMOHeHTa H3MeHeHHe POPMbI MePBMYHbIX KPUHCTAUTOB NOs 
HOCTbIO ipeKpalilaerca. 
4. Usmenenne (opMbl MepBM4HbIX KPHCTaWIMTOB OTCyTCTByeT B AByxqal 
HbIX CIIaBaxX, B KOTOPbIX BTOpad (ha3a OOpasyercaA B Mpollecce 3aTBepeBaHH 
WIM HeMOCpeACTBeHHO TMoCJle 3aTBepAeBaHHA. 
Meranorpadwyecknii aHadiv3 MHKPOCTPYKTYPbI IPH OOJIbIUMX YBeJIMYeHHS 
MOKa3bIBaeT HePpaBHOMepHOe PaCTPaBJUBaHHe TpaHHIL HOBbIX KPHCTAJVJIMT 
IIpH Wepexoje OT OMHOFO KpucTamIUuTa kK Apyromy. B HekoTopbix yyacTKax TPF 
HMlla pescTaBJIAeT BbITPpaBUBIleeca CHJIOWHOe yruyOneHHe. OueHb yacTo rp} 
Hula COCTOHT H3 WeMOUKM TOUCUHBIX yruryOuleHHu (puc. 3) HH UMeeT XapakTe? 
Hoe MwlacTHHyaToe cTrpoeHue (puc. 4). 

IIpu nomouyy y3Koro MyyKa PeHTreHOBCKHX Jyyeli (°) Obl H3MePeHbl yTv 
OTHOCHT@JIbHOrO MOBOpOTa M@XKAY KPHCTasJIUTaMU B CJIMTKe HHKe/IA. OKkaa} 
JIOCb, UTO YIVIY OTHOCHTeEbHOFO MOBOpoTa NMopsAdKa HeCKOJIBKUX MHHYT COOTBEY 
CTByeT TOUeuHad CTpyKTypa rpanuu. IIpu OombuiMx yruax OTHOCHTeJIbHOrO Bj 
Bopota mopayka 1—20° rpaHula uMeeT BHA CHOWIHOrO yrulyOueHHA. | 

Yka3aHHble OCOOeHHOCTH B CTPYKTYPe PpaHH HOBbIX KPHCTAaJJIUTOB XOport 
corjacyloTcd C JHCIOKalMOHHOH MOJleIbIO TpaHHUbl JBYX CMe€2KHbIX KPHCTa. 
JIMTOB. 

AnHaJlu3upya MOJyYeHHbIe Pe38yJIbTAaTbl, MOXKHO MPHUTH K BHIBOLY, 4TO B J} 
TbIX MeTaJlJIaX H ClwJaBaxX THNa TBepJbIX PaCTBOPOB B Tpollecce OxaxKTeH 
BYXKeHHe H TPyNMHpPOBKa JMCMOKaWMH MpHBOAT K OOpa30BaHHIO HOBbIX Trp 
Huw. [Ip HasMuMu JOcTaTOUHOrO KOJIMYeCTBa MHKPONYCTOT HW APyrux MedeKTo! 
ABJIAIOWUXCA CTOKAMH WIM TOPMO3AUIMMM JBHXKeHHe JMCIOKaluH, H3MeHeHE 
(POpMbI NMepBHYHbIX KPHCTaJIHTOB He NMPOHCXOHT. 

Takum OOpa30M, ONHCaHHoe M3MeHeHHe (ApoOsleHue) NepBHYHbIX Kpucras 
JIMTOB B JIMTBIX MeTaJIJaX HM CMaBaX MOKHO KJaccHduIMpOBaTb Kak. Mmporee 
NOJHTOHH3 alu JIMTbIX MeTaJIJIOB HW CIWaBOB B OTJMYHeE OT OObMHOFO Mpollece 
rpaHyJIAWH CiIaBOB B pesyJIbTaTe PasOBbIX MpeBPallleHWH, BbIDAaBHHBAaHHA rp, 
HHI HM COOMPaTeJIbHOH PeKPHCTAaJVIN3sAaMH. 

Mucrutyt seKrpocgapku um. E. O. Ilatona Tlocrynuso 

Axkagemuu vayK YCCP 16 VIII 1957 
UHMTHPOBAHHAS JIMTEPATYPA 

1 Ti. K. Uepyos u Hayka o meranmax, 1950, crp. 180. 2C.B.Benuucxku it, cc 

WOBaHve AHTOM HM KoBaHoH cramu, 1952. %]I. K. By traxoe, Cramp, Ne 1 (1956). 471. J 


BytTakos, Coopn. IIpo6memst MerannopeneHun uM TepMuyuecKolt oOpa6oTKH cTamu, 195 
5B. A.Mosuad, Sas. ma6., Ne 6 (1955). 
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Puc 1. @ — MHKpocTpyKTypa noBepxHocTH caHTKa HuKesIA; 60X. 6 — MIIKpocTpykTypa 
cHTKa cTaqH X25H20; 30x 


Puc. 2, Muxpoctpyktypa cnsaza Ni— Puc. 3. CrpykTypa rpaHuub! KpHcTas- 
Nb (0,62 Nb); 200x JHTOB B CJIHTKe a Tuna X8H13; 
650 x 


Puc. 4. CrpykTypa rpanuup KpHCTaJJIH- 
TOB B CJIMTKe CTawH X25H20; 650 x 


T. 120, Ne 3. MopuaH 


Moxnage Anxanyemuu nayx CCCP 
1958. Tom 120, N 3 


KPHCT AJVJIO’ PACH A 


B. K. BAMHUUITEHH u A. H. JIOBAUEB 


PACCTOAHHE. C—H B KPHCTAJIJIAMYECKOW CTPYKTYPE 
MAPA®HHOB 


(ITpedcmaeaexo axademuxom H. B. Beaoseim 5 II 1958) 


OlekTponorpaduyeckuii MeTOX aHaiu3a aTOMHOM CTPYKTYPbIl KPHCTAJVIOB 
K Ke KaK WM HeHTPOHOrpaduyecKHit) JaeT B HACTOAIMee BPEMA BOSMOXKHOCTH 
<CHPOBATb MOMORKeHHE ATOMOB BOLOPOAa B KPHCTasMax OPraHHyecKUX Coelu- 
imi C TOUHOCTHIO OKOO 0,02—0,03 A (!). Knaccuueckuli MeTox crpyKTyp- 
‘O aHaslu3a — peHTreHorpadua — B onpeyeseHHH BONOPOAHbIX ATOMOB jlaerT 
IbIUY!O TOUHOCTh — oKoo 0,10 A. TIpumenenue anekTpoHorpadun ui Helirpo- 
‘paun NosBoseT OOHAPyXKuBaTb, Kak OyJeT MOKa3aHO HM%Ke, uTO OObIGHO 
AHUMaeMad WIA paccrosanua C — H crangaptruas Beanuuna 1,08—1,09 A 
IbITDIBACT CHCTEMATHYeCKHE OTKJIOHCHHA B Pa3JIMYHbIX COe/MHEHHAX. 
Tlapadunsl CrHon+. ABAIOTCH YOOHbIM OObEKTOM WIA SIeKTpOHOrpacuye- 
ro aHamu3a. Eme B 1936 r. (*) Oba ClenaHa MpuMepHas OlleHKa paccrTos- 
1 C — Hc nomoubio metoya mpo6 u owlmM6oK NO JaHHbIM HHTeCHCHBHOCTAM 
CCCeHHHA QJICEKTPOHOB, KOTOPad MpuBesla K BbIBOJY, 4YTO 9TO paccTOAHUe 
OUeCHO B Ipeyenax 1,1—1,4 A. B 1950 r. (*) npumenenue cunteza Pypbe 
eHIHala alo JWiad JWiMHbI cBa3H C—H 3uauenne 1,17 A; touxocth 3toro 
JICOBAHHA, B KOTOPOM OblJla MCMOb30BaHa BH3YasIbHad Oe€HKa HHTCHCHB- 
TeH HW MeTOJ, KpaTHbIX 9KCNO3HWLMH, MOXKHO OMWeHHTb TeMepb MPHMePpHO B 
0,07 A. 
B wactosimel paGote Obluiu UCCIeEAOBaHbI NapauHbl CygHs¢g (1), Cao Hee (11), 
akxKe TlapaduH c T. mu. 53,5° (I11)— ror xe cambii, KoTOpbit usyuauca 
ree (°). QuiemeHTapHble AYeHKH BCeX ITHX Mapad*MHOB B TOHKUX CJIOAX B Mpe- 
aX OUIMOKH MpakTHYeCKH OAHHAKOBbI, UX NePHObI A U 6 3aKJIIOUCHb! B Mpe- 
ax: a = 7,43—7,46 A, b = 4,97—4,98 A (4), u npoexuna nceBjoayeliku, 
OTOPOH COJePpXUTCA OMMH 3uUT3ar yrviepOJHOM Wenn c NepHosom c’ = 2,63-+. 
02 A, umeer oguHakoBbiii Bug. Mb orpaHuunsuch U3y4eHHeM TOJIbKO Mpoek- 
(m0 oTpaxeHuam AkO), mockoubKy pacctoaHue C — H BpiaBsaerca 3ecb 
@HCKaxKeHHOM BHJle. 
[Ipomecc uccleqoBaHua COCTOAN B CJleqyrouleM. 
1) CbemKa 91eKTPOHOrpaMM C KPaTHbIMM SKCHO3HNMAMH Ha MpOxox enue 
exTponorpade OT (paccrosnue o6pa3zen, — cboronactruHKka 700 mM, yeKopsiio 
- HalpaxkKeHue 60 kB). 
2) OmpeeseHue 3JICEMeHTapHbIX AYUeCK. 
3) MuxpodboromerpupoBaHue Komen HkO a91eKTpoHorpaMM, CHATHIX B NOJ0- 
HMM, lepneHUKy JIA pHOM K ny4Ky (Mukpodotomerp M@-4). QekrpoHorpamMbl 
© Tuma BocnponsBeyenb! B (1,°). Jina Kaxyoro uz oOpasuos (1, II, III) 
poworomerpupoBaiuch 2—3 Jy4WINX CHHMKa HM pe3yJIbTaTbl yCpeHAIMCH. 
Ople JaJibHue pedbiekcbl (HauHHad NpwMepHo c sin d/A=0,45-10*) omenn- 
ACb BH3YaJIbHO M0 CHHMKaM C KPaTHbIMM SKCNO3HIMAMM; CTaHapTOM Ja 
3HEHHA CI KWIM OMpeeseHHble MUKPOMOTOMeTPHyeCKH MHTeHCHBHOCTH O0- 
61M3KHX, CaObIx KOVell. 
!) Tlepexoy oT WHTeHCHBHOCTelt K aMMIHTyaM No (popMyvie 


| ® pro | =) Lannie D; 
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Tie p—bakTop MopTopsiemocTH. B oTfeubHbIX CuJlyHasix copnayeHiA B OX 
Kombile JIBYX OTpaxkeHUil MHTCHCMBHOCTbh JlesMsaCb B OTHOLIEHHM, KOTOPOE Hf 
6mlOLalocb Ha MOJIYYeHHBIX TOYeYHBIX 9sIeKTPOHOrpaMMax, Te Kark/\PIHi 
(piekc tpey{cTaBsleH HesaBHiCHMo. Cpemnee pacxorkKeHve MOJyYeHHbIX M3 OTTbey 
3nauenuit Dyno Jia Bcex Tpex mapacunos (I, II, II) Moxno paccuMTaTb jf 


«popmyie Roxen = oY (Dino =O ae, Pano (u ananoruuHo nan Iu Ill, Iu I 
hk hk 


‘CyMMa B 3HaMeHaTeJIe HOpMMpyeTCH HM BO BCeX CJlyyatx OMMHAKOBA. Besmit 
ubt Roxen WMeIoT 3Hauenua 8—12%, KOTOpble MoryT pacCMaTPHBaTbCA He 
9KCHepUMeHTaJIbHad OWeHKa cpelHeH TOUHOCTH ompefeJieHHA D pro: 

5) Mocrpoesue cuntesos Pypbe MpoeKMMM NOTeHIMaa o’ (xy) Ha MJIOCKOCTH 
M0 Doxen C PAaCCUHTAHHbIM 3HAaKOM. 


Puc. 1. A — npoexuua Dypbe morenunana mcesgosueliku napaduna CaoHep. CrviouiH®! 

H30IMHMH MpoBezeHE uepe3 20 B-A, y WITPHXOBDIX H30NMHUH yKa3aHbi 3HaueHUA BBs 

B— rakasd xe pasHocTHad MpoeKWHA, 43 KOTOPOM yAaeHbI aTOMBI C, a OCcTaBLIMeCA TMF 
mpegcrasasiot atomel H. W30nMHuu mposeyenbr uepes 5 B-A. 


; 6) Haxoxenve OnbITHOM KPpHBOM aTOMHOTO pacceaxHHA yrviepojla fc ones 
COBOKYNHOCTH Do xcn. 

7) Pacuet pasHocTHblx ammmtTyl, Oy = Doxcn — Oc, Pe @®c — cTpykt 
Had aMIVIMTya yriepola AA MpoeKuHH McepqomueHKH C MpocTpaHcTBeH 
rpynnol D3, paBHas 


OE = Afc oxen COS 27hx cos 2x ky 


aia h+k=2n MW paBpHad TaKOMY Ke BbIpaxkeHuto c cHHycamu AAA +k 4: 


8) TlocTpoenve pasHOCTHbIX CHHTe30B 9), (xy) = » Oy exp [27 (hx +h 
hh 

BbIABJIAIOUMX TOJbKO aToMbi H, AJId WCKIOUCHHA BJIMAHHA aTOMOB C Ha 
TOIOXKeHHe HA MpoeKUHH. 

9) Onpenenenve nomoxeHua atomos C, H, u H, unrepnonsuuei no n¢ 
YCHHbIM 3HAYCHHAM B TOUKAX CHHTe3a (HHTepBan enenua sueliku 1/,,). | 
OMpeweseHH MooxKeHUA aTOMOB C no mpoekuuMH 9’ (xy) yUHTbIBaNOCb UX | 
MMHOe BJIMAHMe. ; , 

10) Ouenxa tounoctu. Pakrop pocropepHocTu jvia mapatbuHa Cz ,Hye 
cTapul R; = 11,5% HW TaKOB 2xe NOPANOK BeMUMHbI STUX ChakTOPOB AA D 
Apyrux oOpasyon. Ita BemMmuMHa OM3Ka K Roxen = 8—12%, nosTOMy MO 
IIpHHATb, UTO TOUHOCTh OMpefeeHuA aMMIMuTy, He HuxKe 12%. | 

Ha pue. 1 Au BB kavecTBe NpHmMepoB NPHBeeHbI NOAHbIA MU pasHOCT 
CHHTeE3bI WIA Cgo Heo. 

Tlonyuenuble Jia paccroanud C — H BeanunHbl mpuBeyeubi B Tabs. | (B 

Her NpHuni (WIA MpeAMONORKeHUA O KAKOM-IHOO PeaIbHOM Pa3JIHUH Me 
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cTosHuaAMH C — Hy u C—Hg, a Taxxe 06 ux pasuuuuu B HCCJIe@LY eMbIX Ia- 
bunax. B cpequem paccrosune C—H oxaspipaerca papypim 1,12, A. Maxcu- 
TbHOe OTKOHEHHe HaOMOACHHbIX 3HAYeHUH OT CpemHero cocraBaser 0,022 A 
HekBanpatuuHoe 0,014 A. C xpyrof cropounl, mMoxHO noxcunTarh TOUHOCTE 
eNeNeCHUA KOOPAMHAT ATOMOB, HCXOMA M3 TOYHOCTH ONpeLeeHHA aMIVIUTY I 
= 12%; rorga nogcuer cpesneli KBaqpaTwaHoli omOKH KaKJOFO OTeIbHOrO 
mepeHusA paccToxHua C—H no tbopmywiam, mpuBexeHHbIM B (7) *), maer 0,03 A: 
1 COBOKYNHOCTH 6 Takux usmepeHul Ar ~ 0,03/Y6 = 0,012 A. Sra senn- 
{a OJIM3Ka K SKCIePHMeHTaIbHO HaGulIOLaeMOmMy pas6pocy 0,014 A. Cymmu- 
q BCe 9TH JaHHble, MOXKHO TIpH- 
[b, UTO CpeqHAA KBaparwunan 
wOKa B NOJYYeHHOM paccTOAHHH 


Ta6Oanna 4 


2, Ane mpespmuaer 0,015 A.B ees 
(CAMCTHJICHTETPaMHHE JIA paccTo- a aes e Tena. 
ali C—H rerpasyzpuueckoro arto- ree’ alia ee 

yruiepoqa HalieHO 97eKTPOHO- 

6 

ApuyecKH 1,14+-0,10 A (°), pexT- C2 1,12, 1,14, 1,105 
iorpaduyecku 1,17--0,1 (*) (npu- 
pHad OWeHKa TOUHOCTH CelaHa Ha- C— Hp 1,149 lee ATS 


) H HavOoulee TOUHO HeliTpoHorpa- 

uecku (*) 1,13-+-0,02 A; B quKeronunepasnHe HaliqeHo seKTpoHorpaduyecku 
0-+ 0,03 A (). Hecmorps Ha To, ¥TO %KeaTeIbHO UMeTb Gosee BbICOKYIO 
THOCTh OTJ@JIbHbIX OMpeleeHHH, BCe %Ke HaMMO ONpeleseHHad TeHAeHIMA 
‘BEJIMYCHHIO OOLIMHO IIPHHHMaemol BeIMUMHHI | ,O8—1,09 mpumepHo na 0,04 A. 
HHbIe HAaCTOAMero HCCIeOBaHuA, a TakxKe paOoTH! (*) NosTBepxaloT 3TO 
HOOIee TOUHO. 

B To xe BpeMA CTPYKTYPHble WaHHble JIA paccroanua C—H yraepoga apo- 
THYeCKOTO KOJbIla (cM., Hampumep, (°) ) MoKa3bIBaloT, YTO HaGwOaemble 
SCTOAHUA OJIM3KU K CTaHJjapTHOH BenuunHe 1,08 iN CielOBaTeJIbHO, CYIecT- 
oT BJIHMAHHe APyrvx cBxA3eH Ha paccroaHne C—H. Oro BauAHMe TaKOBO, UTO 
MMYHe MeHbIWeroO 4MCIa, HO Oouee CHJIbHbIX CBA3eH aTOMa C BbI3bIBaeT YKO- 
JeHHe ONHHAPHOH cBA3H C—H, T. e., OYCBHAHO, HEKOTOPOe ee ycuJIeHue. 
TlomHoe u3s0%KeHHe HacTOAIMeH PaOOTh!, B MPpOBeJeHHH KOTOPOH OoblUas 
MOUlb aBTOpaM Oblia oka3aHa M. M. Cracosoi, 6yjer WaHO B JIpyrom mecte. 


VWuctutyt Kpuctassorpapuu Tlocrynuso 
Axajemuu HayK CCCP 31 I 1958. 
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Hornann Arkanemun Hayr CCCP 
1958. Tom 120, Ni 3 


XHMHA 


HM. H. KOPOBKOB u J. B. HPFHATOB 


IJIEKTPOHOPPA®HYECKOE HCCJIEQOBAHHE MOJIAMOP®H3MA 
ABYOKUCH WHPKOHMA B TOHKHX MJIEHKAX 


(ITpedcmaeaeno akademuxom H. IT. Bapduneim 21 1 1958) 


Hisyuenve noMmMopdu3ma ABYOKUCH IMpKOHMA B TOHKUX meHKaXx QJIEKTPO- 
orpadbuxecKuM MeTOJOM MPOBOYHTCA BMepBbIe MH BbISBAHO, C OHO CTOPOHEI, 
POTHBOPeYHBOCTHIO Pe3yMbTATOB, NOMYUCHHBIX PasMMYHbIMH UCCeIOBATeAMU 
pH M3yYeHHH TOMMMOppusMa Ha MaCCHBHBIX OOpasiax MOHOKIHHHOH ZrO,, 
ApyroH cTropoubl,— HeaACHOCTbIO BONMpoca OCTPYKTYpe OKHCHOM MIeHKU, BO3- 
MkalolleH Ha WHPKOHUH MPH KOPPO3HM B OKHCJIMTCIbHDIX Cpesax. 
| Hogpo6uniii 0630p yerpipex BosMOxKHBIX MOLNPUKaLMTi (MOHOKJIMHHOH, TeT- 
aroHaJIbHOH, KyOuyeckoli u pomOos_puyeckoli) ZrO, c onucaHuem ycOBHii Hx 
Spasopanua u OOsacteli cyuecrBOBaHuA MMeeTCA B MOHOrpadun JlacrmeHa 
). CormacHo pentresorpaduyeckuM JaHHbIM, MpHBeeCHHbIM B 3TOM O630pe, 
€lleTKa MOHOKJIMHHOM MoquduKanu ZrO, mpegxcrapmaer co6ol ucKaxkeHHy10 
yOuyecky1o pellerky Tuma CaF, c mapamerpamu (B A): a = 5,174; 6 = 5,26,; 
= 5,303; 3 = 80°48". Sra mogudukanua ycroiiuuspa yo 1000°. 

Cppime 1000° cra6uibHa TerparoHatbHaa Moyudukanua ZrO2; mapamerpol 
> pemleTKH (B A) paBHbI: a = 5,07 uc = 5,16. 

KyOuyeckaa Moqudukaua ZrO, duKcupyerca MpH KOMHAaTHOM TemnepaType 
aKaiKOH c 2000° B mpucytcTBuu mpumecu MgO; ona umeer crpyxKTy py barooputa 

Mapamerpom @ = 5,098 A. Cuuraerca, uro ona craOuibHa Bbille 1900°. 

Tlocne JJIMTeJIbHOTO HarpeBaHHA MOHOKJIMHHOM JBYOKMCH WupKOHUA pH 
900° C o6pa3yerca pomOoanpuueckasa tbopma ZrO,. Ee mpeycraBasior Tak *%e KaK 


ceByorekcarouaibHyio dopmy c a = 3,598 Au < = 1,633. 


Oyuako u3 pafa paOor (7°) cmenyer, uro, GeccnopHo, cyulecTBy!IOT Be 
OPMbI JBYOKMCH WHPKOHUA: MOHOKJIMHHaA M TeTparoHasbHad, Mepexosamue 
6paTuMo OHA B Apyryro npu Temnepatypax 1000—1100°. Mcxogzupm marepu- 
OM IIPH H3y¥YeHHH NOMMMOpdu3sMa B paOoTax YKa3aHHbIX aBTOPOB CJy Ka 
HeueHHadA WIM WaBJIGHHad MOHOKJIMHHaA ABYOKHCb IWMPKOHHA, 3arpaASHeHHAaA 
BY OKUcbio rapuua (qo 2%). Jomorana u Maxcepcon (°) u3yuasmu pentreHorpa- 
MUeCCKHM MeTOJOM TOmUMOpdu3M ZrO, Ha OOpasllax W1aBJIeHHOH JBYOKUCH Wup- 
OHHA, WPpakTHYeCKH JIMUICHHOH mpumecelt AByokucu raduna. [I]pumenas TepmMo- 
Spasorky oOpasyoB mpu Temuepatypax 900, 1210, 1745 nu 2315° u nocmexyto- 
iO 3aKaJIKY, OHM MbITaIMCb 3a:pHKCHUPOBaTb BOSMOXKHbIe MOAMPUKaLUNN ZrO,. 
BTOPbl OTMe¥AIOT, UTO BO BCeX CY4YaHX HEH3MeCHHO OOHAPYyXKHBalaCb TObKO 
OHOKJIMHHad MOZMuKalysA. 

Ha noBepxHOcTH ILMpKOHHA, IPH OKHCJICHHH EPO B PasHbIX Cpeyax (B KHCOpO- 
>, Ha BO3yXe HJM B MapoO-BOJAHOH Cpese) NpH ONpPeeIeHHLIX YCOBUAX HM TeM- 
sparypax oT 20 no 800° o6Hapy2xxeHbI (') OKHCHbIe MWIeHKH, COCTOAILMe 3 
cuca ZrOz co crpyKTy pol ofHOK u3 3 MOAMuKAaLHH: MOHOKJIMHHOH, TeTparo- 
—AQIbHOH WIM KYOuyeCKOH. OTH aHHbie He COrmacylorcad C pesyJIbTaTaMH UCCJe- 
)BAHHA BbIMe Ha3BaHHbIX aBTopoB (7°), cormacHo Koroppim Jo 1000° cyure- 
‘BY€T TOJbKO MOHOKAHHHad casa ZrOsz. 

Meroguxka. VUccnenosanue nmomumoppu3sma yByokucu Zr MpoBo- 
{NOCb Ha OOpa3sllax B BUe TOHKUX MJIeHOK UMPKOHHA (romuunol 400—600 A) 
leKTPOHOrpacHyecKUM MeTOZOM Ha mpoxoxkenue. I]pumeHeHue CreluasbHOrO 
“TpolicTBa Wid Harpepanua OOpasia (Xo 1100°) HemocpexCTBeHHO B 9/1€KTPOHO- 
yacbe MOSBONHIO HaOsOaTb CTPYKTYPHble MpeBpalleHuA DBYOKUCH IMPKOHHA 

3aBHCMMOCTH OT TeMMepaTypbl M BPeMeHH HarpeBaHuA Oe3 OXJaxKIeHuA 
pasa. 
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Sto yerpolicrBO COCTOAO H3 JBYX MOJIOCOK IMPKOHHA TOMMHHOK B 0,2 M 
C OTBepcTHeM B HUX Ji4amerpom 0,8 MM; MexKy MOOCKaMH IIpOTHB OTBepCTHs 
NOMelaicA OGpasell. OTH MOMOCKM HarpeBaJIMCb MOCTOAHHDIM TOKOM; BMECTS 
C HMMH HarpeBaJica u OOpasell, HAXOJALLHHCA B TEIMJIOBOM PaBHOBeCHH C YCTPOH|) 
crsoM. Ilapuk mulaTHHO-nwlaTHHOpOAMeBOH TePMOMaPbl MIOTHO MpuxkUMaJIC9 
K IMPKOHHeEBbIM IWaCTHHKaM C MOMOUI[bIO OOxKuMHOrO XomyTHKa. IIpu cbemK 
3JICKTPOHOrpaMMb! Ha 0,5 CeK. BbIKJIOUAaJICA TOK, TaK KaK MarHUTHOe Tovey 
Co3,aBaemMoe UM, UCKaxkKaso AucpakuMoHHyto KapTuny. V3 onpiros no HarpeBat 
HHIO H OX/a2KJICHHIO OOPa3ILOB B CaMOM 3JIeKTPOHOrpae OblIO YCTAHOBJIeHO, UTE 
OxJlaxKJIeHHe C BbICOKOH TemMMepaTyPb!l JO KOMHaTHOH He BHOCHT H3MeHeHHA 


HarpeBa, HO3TOMY B JlaJIbHeHWeM 3JICKTPOHOrpaMMbl MOJIYu4aIMCb TOJIbKO 0) 
O6pa3lOB, OXJaxKCHHbIX JO KOMHAaTHOK Temmepatypbil. Mcxogupimu oOpasiiamk 
CIYXKWIM TOHKHe MI€HKM WMpKOHHA, Mosyuaemble 10 MeTOLy HUCMapeHHA HM KOH 
JIeHCallu B BakyyMme Mo_uAHOrO WupKOHUA 2-H pacbuHupoBKU uUuCTOTON 99,9% 
B kayecTBe NOMJIOXKKH, Ha KOTOPY!O KOHJ@HCHPOBAJICA MeTaJIJI, ObIIM UCTOJIb 
30BaHbI Kpucratabt NaCl B Buge naacruHoK. J|ia nomwyyeHuaA TOHKUX CJOer 
WMPKOHHA Oba H3POTOBJIeHa CTeKJISHHAA BbICOKOBaKYYMHadA YCTaHOBKa, 10} 
3BOJIABIUaA JOCTHraTh BakyyMa~10~’ mM pr. CT.; TakOH BakyyM JocTurases 
IIpHMeHeHHem Ferrepa 43 WupKoHHA. Mcnapuresem ciyxKuJla TOPH30HTabHas 
CHupasib WHamerpom 2 MM MH AuMHOK 10 MM u3 BOAbPpPaMOBOH IpOBOMOKH [He 
metpom 0,2 mM. Cnupasib NpelBapuTeJIbHO OTXKHTaJlaCb B BbICOKOM BaKYYMée 
Tlocie 9TOrO BHYTpb CMupasIM NOMellaJIcA CTep2xeHeK IMPKOHHA JMamMerTpo 
0,2 mm. IIpu gocruxKeHuu Bakyyma 107’ mM pr. crt. 4epe3 CHUpadb Mponyckad 
Ca TOK B S—/7 @ JO Havasia WwaBJIeHHA WHPKOHHeEBOTO CTepKeHbKa. 


IIpu nwaBuleHHH WHPKOHHA Ha HeECKOJIBKHX BUTKax CNupamH OOpa3zyrores 
Kalle@JibKH, H3 KOTOPbIX KWMPKOHHH MHTeHCHBHO uCcnapserca. TomuuHa mene 
JIUMUTHpyeTcA BPeMeHeEM HCNapeCHHA HM PpacCTOAHHeM NOMIORKKU OT UCHAapUTeIs} 

Ha xouloquoh NOAIOKKe WHPKOHMH KPHCTaJWJIM30BaJICA B MeJIKOKPHCTai 
YeCKOM COCTOAHHH, O UCM CBHJETCJIbCTBYIOT OUCHb Pa3MbITHIe [ucpakIMOHHb! 
JIMHHMM Ha 9JIeKTPOHOrpamMMax (CM. 9JeKTpoHOrpamMy Ha puc. 1). Tosrom 
MbI IPHMeHAJIM HarpeB MOMIOKKH NO TemMepary ppl 200—250°. Harpeparenb Obi 
H3POTOBJI€H H3 MOMOCOK WHPKOHHeEBOH OuIbrH TOMMHHOH B O,05 MM, yepes Kal 
TOpble IIpoMlyckKaJICA TOK. 


Onbirbl NoKasa/IH, YTO UCMapeHHe WHPKOHUA CELyeT MPOBOLUTh C Oop Woy 
OCTOPOXHOCTbIO, OOpalad OcoOoe BHUMaHHe Ha BaKYYM B CHCTeMe, Tak Kai 
WMPKOHUM TPH paciMaBsICHHH aKTHBHO pearupyer C OCTaTOUHBIM Fa30M, H Wier 
KH B CJlyyae HegocraTouHoro Bakyyma (10-° mm pt. cr.) Nomwyualorca wacTHuH! 
OKHCJIeHHBIMH. Ilostomy nepexk ucmapeHHeM HYyXHO TUaTeIbHO OG6e3ra3sHT’ 
NOMIOAKKY, YTO MbI HM WesasM HarpeBaHuem ee Jo 600° B reuenne | yaca. Hanyci 
BosyXa B CHCTeMy Hoce NOYYeHHA MIeHKM MpPOMSBOMJICA Yepes HEKOTOPC! 
BPeMA MOCI€ BbIKJIOY€HHA HACOCOB, 4TO OOecIeuMBaO MOcTeneHHy!0 MaccHBal 
M10 WI€HKH WHPKOHUA OCTATOUHBIM KHCJIOPOAOM H MpeoOxpaHsAo ee or raya 
KOFO OKHCJICHMA IPH BITYCKe BOSyXxa. 


Or nogmoxku NaCl nneuka orciauBasach NOCTeMeHHBIM HOPpy2KeHHem B Jv 
CTHJIJIMpOBaHHy!0 Boy. OrcoeHHaA MWIeHKa 3aTeM MpOMbIBalacb or NaCl B ue 
CKOJIBKUX BaHHaX C JMCTHIMpOBaHHOH Boo. TaBatoujue Ha NOBepXHOCTI 
BObI KYCOUKH MWICHKH WMPKOHHA BbWIaBIMBaJIMCb Ha WHPKOHMeBbIe MOIOCKH | 
Ha IlJlaTHHOBbIe PAaMOUKH C OTBepcTHeM AHameTpom 0,8 mM. 3aTem 3TH TOHKH} 
MI€HKH UMPKOHUA MPOrpeBadIHCb B YHCTOM KHCOpOe IPH Temnepatype 270° 
pH KOTOPOH, Kak ObIO YCTaHOBJIeHO MpesBapNTeIbHO, HauHHaeTca 3aMeTHO! 
OKUCe€HHE UMPKOHUA, T. €. IPH ITOH TeMMepaTyPe JIMHMH MeTaa Ha 3eKTpPa 
HOrpaMMax [i1ponaaioT HW NOABJAIOTCA JIMHUM OKMCJa. 

OQeKTPOHOrpaduyeckue UCCeIOBAHHA MpPOBORMIUCh Ha 3NIEKTPOHOrpadi 
KoHCTpykunu Mucrnryta meray pruu AH CCCP. JIucnepcuonnasa cnoco6Hocr 
ero cocrapuser 0,005 A ua 0,2 mm Ip JWIMHe AuPpakWMoHHOorO mpocrpa 
cTBa B 500 mM. 
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Pue. 1. SnektponorpamMa TouKoro 
coa Zp, KOHACHCHPOBaHHOrO Ha xXo- 
JOAHYIO nosAKNayky (18°) 


Puc. 2. QneKTpoHOorpaMMbl TOHKOFO CJIOA WHPKOHHA, MpOrperoro npu pasmuunDix TeM- 
flepatypax B Kucopofe; a — 18°, 6 — 300°, 6 — 700°, 2 — 850°, 0 — 1000 


HocrosHHaa smekrponorpada 24 L onpegenauach B KaxKJOM cilyuae U3 
ICKTPOHOrpaMM CTaHapTHoro OOpasila — TOHKOM MIeCHKH aJIIOMHHHA. 

Odpas3ibl NporpeBaHcb B BOsAyxe (B OOHUHOL mydbebHOH seKTpH4ecKoli 
euM), B KHCJOpOe HU B Bakyyne (B CllellHaIbHOM MpHOope H CaMOM 3/IEKTPOHO- 
ace) Mp TemNepatype or 275 yo 1300° c uHTeppanamn B 25°. Temnepatypa 
ipeseiaAwach TepMoNapow c TouHocTbIo -+10°. 

PesyJbTaTh UCCHELOBAHUA MpelcraBseHbl B Bue W1eKTPO- 
OrpaMM Ha puc. 2 4B COOTBETCTBYIONINX HM pacueTHbIX TaGuMax (Tab. | v 2). 

M3 snekTpoHorpamnbl 2 Q, NosyYeHHOM OT TOHKOFO CJIOA WHPKOHUA, H CO- 
PBeETCTBY1OWeH eH Tad. 1, BUHO, UTO 3HAUCHUA MEXIVIOCKOCTHBIX PaccTOAHHH 
PUCTaIMYeCKOH PelleTKH STOFO CIO OTBEYAIOT &-ILHPKOHHIO, OJHaKO TIO CpaB- 
CHHIO C PCHTTCEHOBCKUMH JaHHbIMH OHH Ha 2—3% yBemuyenbl. MHTencuBHocTH 
MHHM COBMaaloT C HHTCHCHBHOCTAMH, OMpeesJIeHHbIMH W3 PeHTTeHOBCKUX 


Ta6Onauna 1 


e38yJIbTATbI pacueTa 9JIeKTPOHOrpaMMb! OT TOHKOFO con a-Zr, MOJyYeHHOrO UcMapenveM B 
Bakyyme (10-® mm pr. crt.) 


su) iss) 

cf Jiuametp | Mutencus- | J\uametp | Mutencus- 

fe) KOJIbIa, HOCTb /N3xeq, d|Npeurr. S KOJIbIa, HOCTb 4|Ng3xen, @|Noenrr, 
= MM KOJIbIa a MM Kouba 

zZ 2 

l 21S (oe 2500 2,78 7} 40,95 ie 1,48 1,46 

Y Zeya) cp. 2,64 2,06 Sina 4 Cul. Aaa 136 

3 24,4 Ore! 2,49 2,44 SN AA} cp. il caw 1,34 

é 31,9 CJI. 1592 1,88 10| 48 oO. Ci 1,26 22 

) 34,0 OPCH 1,78 — Ae ers cp. 1,05 1,038 
37 eo 1,64 1,64 LZ Ole: Cu. 0,99 Ono 

| fIpumMeuaHue: Syecbu BTaOn. 2: Cc—cCHbHOe, Cp. —cpemHee, ci. — cMa6oe, 0. c. — 


1€Hb CHJIbHOe HT. Q. 
| WPA Ganzen a 7 


) 
\EXKMOCKOCTHBI€ PAaCCTOAHUA WM OTHOCHTEJIbHbI€ HHTCHCHBHOCTH JIMHHH Ha 9/IeKTPOHOrpaMMax, 
nowyyeHHHIx oT ZrOyg B 3aBHCHMOCTH OT TeMMepaTypbl HarpeBanuA 


300° 700° 850° 1000° 
atenc.| d sxen,| 4 penrr.|Matenc. | @ oxen, | 4 penrr.|MBTeHC.| d oxen} 4 penrr.|MateHc.| d axcn. 4 pentr. 
ombia A q KOJIbIa A KOJIbIa A Kouba] A 
Bec. 2,94 | 2,94! 0. c. |2,94 | 2,94 Qin Who 42) GLO ep D546 O10 
nCp. 2 Wie Age icp. \|a,00% | 250% Gon | Or PP GD | eee SD slew) 
Cul. Did) — ep. (2,03 | 2,03 COp SOM aeSctlOn | MOmmCrdho ut leon UO 
‘@ 1 OOM) SOO Cl, 4.) 2,09 _ O. Calpesoe O2504N Cl 2.86) 12,80 
ep. OG | Oo Ge eysOn 11,80 CpePa2,00 | 2,60 | cpr }2,63 | 2,63 
eu. 1 AG AMATO epi!) | 4655) A SD cae 207 Wl 2 Bates, 12,55 | 2, 5D 
Cu. ioral Oru tepals |) 1boe ci | Gs) Pee || leper || oot! 
cp. Ads Ne Ae dd | eiGaie al 147) chy Ligh CH! \eooGd ol) 2,34 Clee e,29 — 
Cul. gis ta ine 2 le) — Ce OM al CDs, | 212 ene 
ep. Oe Y 104 No. cn. | 1,29- Vet, 20 Ci, ieee Wee Olal Ce hal |ai2,08 
CJ, 0,98" HO,98 ep. 11526 11,26 Cry t SOM —=1 S07 cp 4, 87] 1585 
CMO, 4270 a enn 180 Wt 58t 
ep | 4 A7o: pp Agl6D pci 65, |)" «1.69 
Co, | aa. ow 
© iL aya ay 
Ky6uueckaa TerparonasbHaa TerparonasbHast 4- Monoxksunnaa 
MOHOKJIMHHaA 


ccmeqoBaHuli. YBeMYeHHe NOCTOAHHOM pellleTKU, OYeBUAHO, CBAZAHO C PacTBO- 
eCHHeM KHCIOpOsa B IVIeHKe WHPKOHMA. QeKTpoOHOrpamma Ha PHC. 2a ABJIAeT- 
A XapaKTepHOM JIA TOHKHX IWI€HOK WHPKOHHA, NOJIyYeHHbIX Ha NOOrpeBae- 
BIX MOWOKKAaX. 

029, 


Auamu3 21eKTpoHorpammbl (puc. 2 Ou Tas. 2) oT MeHKM WHPKOHMA, Mporpe 
oH upu 300°, moKa3bIBaeT, UTO 9Ta MWIeHKa NOMHOCTHIO OKHCIMMAaCb, MpHye h 
qucdbpakiMoHHad KapTHHa cooTBeTcTByer KyOMueCKOH MOMM@UKAaLHU OKUCIay 
uupKouua ZrOs (npu HaMuMn OLHOM Mune wHHuH d = 2,10. A). Suauenng 
NOCTOAHHOH pelllerkH STON MOLUPUKAaHN OKasaloch a = 5,10 A, uTO xoponill 
coBlajlaeT CO 3HaueCHHeM STON BeIMUHHBI, OMpeeeHHOM PeHTTeHOBCKHM MeTOJOM 
(*). Heckonpko yBerlmyeHHad WaMpHHa WudpakUMOHHbIX JMHHM Ha SJIeKTPOHO 
rpammax puc. 2a u 26 ropopuT O TOM, 4TO Kak «-Zr, Tak H ZrO 2 B WaHHO 
clyuae ABJIAIOTCA MCJIKOSEPHHCTHIMH. 

IIpu narpesanun or 300 yo 600° uureptepeHtMoHHble KOJIbIla Ha 3JIeEKTPOy 
HOPpaMMaXx OT IWICHKH JBYOKHCH WHPKOHUA CTaHOBATCA BcCe Oomee pesKHMH 
COOTBETCTBYIOT YKa3aHHO KyOuyecKOl MosupuKaluu, a HauHHad c 650" 06 
HapVKUBAeTCA PasqBOCHHe HEKOTOPHIX KOJIell (HalpHMep KOJblla OT MOC 
KocTu (002)) Ky6uueckoli ZrOz, uTO TOBOpHT O MOABeHHH B C/IO€ HOBOH MO 
muduxaunu ZrOz. Pacuer 9/leKTpOHOrpaMMbI OT Hee MOKa3al, UTO OHA HMEee 
TeTParOHaJIbHYIO PelileTKY, M@XIMIOCKOCTHbIe PaCCTOAHMA KOTOPOH, KaK BUIHC 
v3 TaOa. 2, CoBMayaioT C HX PpeHTTeHOBCKHMUM 3HayeHHAMM. XapakTepHasl 
9IeCKTpOHOrpaMMa, wWomyyeHHad upuH 700°, Ha KOTOpOM BHAHbI pa3 7BOeHHBIE 
KOJIblLa, IpewcTaBeHa Ha puc. 2é. 

B aHHOM CJlyyae TOBOPUTb 06 OAHOBPeMeHHOM CYLIeCTBOBAaHHH JByXx op 
ZrOz2 — KyOuyecKOli MH TeTparOHa/IbHOH — 3aTPYHUTeIbHO, Tak Kak Mapa 
MeTPbI UX OUCHb OuIM3KU, HO, 0-BHAMMOMY, Wpomecc mepexoya oT KyOuyecko 
K TeTparoHaJbHOH copMe Ue MOCTeNeHHO, O YEM CBUJeCTEIbCTBYIOT HEKOTOPBIE 
3IEKTPOHOrpaMMbl, MOJLyYeHHbIe OT CJIoA mpH 500°, Ha KOTOPbIX HaMeuaeTe 
pa3BOeHHe JIMHHU OT MOCKOCTeli C COOTBETCTBYIOWIMMH HHeKcamu. B wHTepBa 
ule Temiepatyp oT 750 70 800° Ha 9u1IeKTpOHOrpaMMax HapsAy C JIMHHAMH TeETPa 
rOHaJIbHOH MOZMuKalluu ZrOz NOABMAIOTCA JIMHHH MOHOKJIMHHOM MOAMPUK aly 
OKHCJla, KOTOPbIe C MOBbILWeHHeM TeMNepaTYPbI MpOrpeBaHHA CTAaHOBATCA Be 
Ooulee HHTCHCMBHbIMH, a JIMHHM TeTparOHaJIbHOH MOWHPUKAaMH MOCTeNeHHO F 
yesaior, 4 mpu 1100° Ha6mofaeTcd YNCTO MOHOKJIMHHAA MOAMDUKALMA OKHE 
ZrOz, M@XKIMIOCKOCTHbI€ paCCTOAHHA KOTOPOH COBNMaaloT C TaOJIMYHbIMH aHHb 
MM (CM. puc. 20uTa6N. 2). Ora MOHOKJIHHHAA MOJNuKAaWMA ABYOKHCH WH 
KOHHMA COXpaHAacb Mpu HarpeBaHuu yo 1300°. 

Takum 06pa30M, Ip OKHCJIEHHM TOHKOFO CJIOA WHPKOHHA Ip Temilepatyp 
270° o6pasyerca KyOuyecKand MOANPuKauNA ZrOz, koTOpad pu HarpeBaHHH UG 
IIbITbIBaeT MOJHMOPHbIe MpeBpalleHHA MOHOTpOMHOrO THMa: KyOuyecKaa pe 
WleTKa BbITATHBaeTCA BOb OAHOH OCH HW CTaHOBHTCA TeTparoHaIbHOU, 3aTer 
C MOBbIMIeHHeM TeMMepaTypbI HarpeBaHua (700—1100°) ona ee Gombule ucKa 
*KaeTcd, Wpeppalljaicb B MOHOKJIMHHYIO pellerky. 

Kak yka3bIBaJIOCb BbIIMe, MOJMMOppu3M M3y4aJICH HarpeBaHHeM TOHKO! 
WIeHKkH KyOnueckoH ZrOz B Bakyyme, KuCNOpoye uM Ha BO3LyxXe. Bo Bcex 3TH} 
clyuaix OOHApy2XeHbl OAMHAKOBbIC 3aKOHOMePHble NpeBpallleHuA KyOuUeCKO 
MOJMuKaLHU B TETParOHaIbHYy!0, a NOCeTHeH B MOHOKJIMHHYIO, B OXHUX U rel 
2*Ke TeMMepaTy PHbIX HHTepBasiax. [lomyueHHble pe3yJIbTAThI MO3BOJIAIOT TOSTOM} 
YTBepxKaTb, TO OOHAPYXKeHHbIe MOJIMMOPPHbIe MpeBpallleHuA CBOMCTBeEHHI 
JBYOKHCH IWMPKOHHA, a He ABJAIOTCA CJICNCTBHEM PpaCTBOPeHHA KUCOpPO 
B ZrOz uu WocruxKenua OKuCOM ZrOz TOUHOrO CTexHOMeTpHuecKoro cocTaBa 
a30T BOSAYXa B 9TOM C/lyyae TakxKe He urpad pom. B 3aks1o4eHne culeqyer OF 
MeTHTb, UTO Hallld JaHHble MU PesybTaTbI, cooOujeHHbIe Jlomorana u Maxdepced 
HOM, MO3BOJIAIOT CUHTATb MOHOKJIMHHY!O ZrOz ycrowunBol dopMou oKUcH Lup 
KOHHMA, ABJIAIOWeErOCA KOHeEYHbIM MpOAyKTOM MmpeBpaweHua ZrO2 B oG6sactTil 
Temmepatyp 300—1300°. 
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Jloxrnzagn Anxanwemun nayrx CCCP 
1958. Tom 120, Ne 3 


XHMHA 


Usnen-koppecnonyent AH CCCP JJ. H. KYPCAHOB, M. E. BOJIbIIMH 
u WM. C. AXPEM 


‘PEAKUMA COJIEM TPOMNHMJINA C BUHWJIOBbIMH SOHPAMH 
MW 8-XJIOPMEPK Y PAHETAJIBJETH OM 


Aims ycrounporo apoMaTHueckoro KaTHOHa WHKJIOrenTaTpveHuua (Tpo- 
MHIHA) XapakTepHa eFo cMoOcOOHOCTb BCTYNAaTb B PeakWHU C HYKMeOPMIbHbIMA 
pearentamu. Tak, no Janno Jépunra u Hoxca (’), comm TponuiHA JerKo pea- 
rupyrot c NH3, H.S, OH’, amuyamu, MTHH- M MarHuliopranuyecKHMU CoeLu- 
HeHHAMH. . 

— MoxHo 6510 OKULaTb, YTO BICKTPOMHJIbHOCTh KaTHOHA TpoMuuA OyjeT 
qocraTouHxoli JIA peakILHH H Cc Ooslee CMAObIMH HYKJIeO*PHIbHEIMU peareHTamMH — 
BHHHWJIOBLIMH 9cupaMy. 

 [lelicTBuTeIbHO, OKa3aJI0Cb, UTO COJIH TPONMIMA B BOQHbIX WIM CHUPTOBbIX 
PacrBopax yxKe Ha XOJIOY BeCbMa 9HEpru4Ho, C Camopa3orpeBaHuem pearupy ior 
C TIpOcTbIMH BHHHWJIOBbIMH 9s(pupaMuH. . 

Bpicokad peakIUWOHHad CHOCOOHOCTb MPOCTbIX BMHHJIOBbIX SPHPOB B 9TOH 
peak ABJIAeTCA CIIEICTBUEM BJIMAHMA SJIEKTPOHOQOHOPHON spupHOH rpynnpl 


ee 


CH,=CHLR 


CoeWHeHHA C H30JIMPOBaHHbIMH WIM COMpsxKeHHbIMH JIBOMHbIMH CBA3A- 
MH, HO 6€3 aKTMBUPy!OWJHX S3aMeCTHTeeH (HampuMep, MeTHIMMKOreK- 
ceH, IMKJOrenTaTpHeH HW Ap.) WH C DIeEKTPOHOAKIENTOPHbIMH 3aMeCTHTeIA- 
MH (KOpH4Had KUCIOTA, AKPUJIOBAA KUCJIOTA, AKPUMOHUTPH, XJIOPUCTHIM aM 
W Jip.) B TeX 2e YCNOBUAX He pearupyioT C COAMM TPOMIHA. 

Bo Bcex caryuadx, He3aBHCHMO OT IIPHpOAbI AHHOHA HCXOAHOM COM TPONMIUA 
(6pomuy wim Mepxmopat) MU OT XapakTepa asikusa B BHHMMAaJIKWJIOBbIX Supax 
(BUHWJISTHIOBLIM, BHHMJIM3ONPONHJOBbIM, BUHHIOYTHIOBbIM), OOpasyercA OHA 
MH TOT %Ke MposyKT — WuKJorelrarpHenualeraibgzerny (1): 


(rye X =Br umn ClOs; R=CsHs, us0-C;H, wan Giri Re ere Colds). 
Peakuua ata avasloruuna MpHCcoesMHeH HO COJlel PTYTH K BUHHIOBbIM 9@u- 
Seay 


2)\- 
pam, orkppiromy A. H. Hecmeanossim u H. ®. JIynenKo (?): 
OR 
R OH 2 
HgXy + CHy=CHOR . Saga Powonsenc 


HO 
2 XHgCH,CH=O 


Ilo ananorum c mocueqHel peakiwWeH MOXKHO J[yYMaTb, YTO MeXaHH3M B3aHMO-~ 
melicTBUA covlell TpOMMIMA C BHHWJIOBbIMH ac=MpaMH BKJIOUAeT aTakKy HOHOM 
C,H,* _BofiHol cBi3H BAHMIOBOrO apupa C OMHOBPeMeHHBIM (HJM NOCJeLOBAaTeJIb- 
HbIM) BO3eHCTBHEM MOJIEKYJIbI PaCTBOPHTeMA (BOAbI WJM CIMpTa). [IpomexyTou- 
HbIM IPOLYKTOM peaKUHH, BEPOATHO, ABACTCA alleTab WIM NoOsyalleTadib (II). 

IIpu mepexojle OT MpOcTbIX BHHWJIOBbIX 9PUPOB K BHHHJalleTaTy CKOPOCTb 
peakWMH C COJAMM TPONMJIMA 3aMeTHO CHW2KaeTCA, UTO, MO-BAAHMOMY, CBA3AHO C 
YACTHUHbIM OTTAPHBAHHeM 3JIEKTPOHOB rpynmon C = 0. 


S + CHAscHE62CcH, —S—> + CH,COOH 
H 


LluxiorenraTpvenwlalleTableruy, Tak2Ke Obl MOJyYeH BCTPeyHBIM CHHTe= 
30M — peakiMel cove Tpomuiua (Opomusa u lepxslopata) c 8-xlopmepky palie- 


TaJlberujloM. 
H,CH=0 
Ce) X”-+ ClHgCH,CH=0° ——= + ClHgX 
H 


B pesyJibTate OOMeHa aTOMa PTYTH Ha OCTATOK TPOMHIUA OOPasOBasIcA aJlb- 
Nerul, ULCHTHIHBIM NOyYeHHOMY M3 BUHWJIOBbIX 9:upOB. Ora peak\MA ABJIAeT- 
CA TI€PBbIM W3YYeHHbIM MPHMepOM B3aNMOeHCTBHA PTYTHOOPraHHyecKkux 
COCIMHEHHH C COAMH TPONMIHA. | 

CyllecTBeHHO OTMeTHTb, YTO peakILMA CoMeH TponusuA c B-xJIOpMepKypalle- 
TaJlbqeruqOM mpoTeKkaer no Tumy C-amKkumupoBaHua. Kak ObluO NOKasaHO 
A. H. Hecmesuosnm u UV. ®. JIynenxo (°), TouHo Tak Ke pearupyer TpHeHHI- | 
MeTHIXJOPHA, TaBad TpudeHuIMeTHJalleTaibyernvy; B TO Ke CaMOe BpeMsA Ta-} 
JOUAHbIC allubl O-alumupyroT B-xsopMepkKy palleralbleruL. 

IluxorentaTpHeHualleTasibleruy Maer XapakTepHble aJibJervyHble peak- 
IMM, OOpasyer 2,4-7uHUTpPOdeH WITH ApasoH UH UMeOHOBOe MpousBonHoe. I locsez- | 
Hee OcOOeCHHO yOOHO IA UeHTHpUKaWMH 3sTOrO abyerufa. IIpucytcrBue 
Tpex JBOHHBIX CBAS8eEH B WHKIOrenraTpHeHualleTasbderuye WOKa3aHo ero KatTa- 
JIMTHYCCKHM THAPHpPOBaHHeM Ha MWaTHHOBOH YepHH; MPH ITOM IIpHcoesMHAeTCA 
3 mous Hy uw OOpa3yerca WukIOrenTusalleraibyeruy. 

VintepecHoO OTMeTHTb, 4TO WuKOrelrarpHeHHsalleTableruy o6pasyerca | 
TaKKe MpW peakWHU Cosleli TponuIHA Cc allerambaerugom (°*). 


IkKcNePpUMeHTANTbHAA YACTH | 

Peakuuu conmeH Tponuana CBUHHYAOBHUMH 9MuUp a: | 
MH. Pacrsop 1,7 r (0,01 mona) 6pomucroro rponuaua B 10 Ma BOUbI BCTPAXH- | 
Basic 15-20 Mun.c 0,72 r (0,01 mows) BuHMISTHIOBOrO S*PUupa HM SKCTparMpoBavcA 
aupoM. Odupuble BEITAXKKU MPOMBbIBaJIMCb BOAO HW BLICYMIMBaINch Hal MgSQ,. | 
up OTTOHAJICA MIpH MOHM2KeCHHOM JaBeHHM, HM OCTATOK MeperoHsavIcA B BaKy-. 
yme. CoOpana ppakuua cr. kun. 63—67°/2 mu; n> 1,5310. Berxon 0,77 r (58 %). 
Tlocae nosropHok neperouKHT. KHIM. WMKIOrenrarpHeHnalleraibyeruga 62°/2mMM, 
n® 1,5314, d?° 1,0204, Amaxc 260 mu (Ig ¢ 3,63); dunn 237 mp (Ige 3,43),MRewa = 
532 


= 40,17 (6e3 yuera oK3abralluM Ha CONpsxKeHue JBOLHBIX cBa3eH); MRuain = 
40,70 


| 


Haitizeno %: C 80,79; 80,63; H 7,46; 7,48 
CsHy,0. Beryucneno %: C 80,56; lal ofaul 


Iluksorenrarpuenusaleraibyeruy, aer XapakTepHble adlblerugupie peak- 
MWHH: BOCCTAHAaBIMBaeT PacTBOp PeMHPOBOM X2UAKOCTH H aMMMAUHDIil pacTBop 
AZ0THOKUCIOFO CepeOpa; AaeT Kpachoe OKpallMBaHue C HUTPONpyccuoM HaTpHA 
MC OcH3HMHOM. 2,4-\MHUTPOeHHITUApasoH WHKMOrenTarpveHMtalleradbje- 
Tula — XKevITbI MOPOWOK; pasaraerca Bbitle 190° (uz HuTpomeraHa). JIumeyo- 
HOBOE IIPOHSBOWHOe: OecUBeTHble HIvIbI, T. Ww. 146,5° (“3 cuupra). CmewanHaa 
mpo6a c JMMeqOHOM MiaBurca upu 127—128°, 


Hatimeno %: C 75,90; 75,41; H 8,14; 8,13 
Cy5H3204. Buruncneno %: C 75,72; lial cohiho) 


B rex xe yclosusx us 7,8 r (0,041 mons) nepxmopata Tponuma B 5 Mu 
“Bofbl H Sr (0,0416 mons) BuHHIsTHIOBOrO sdupa nOsyYeHO 3,24 r maKNOrenta- 
TPHeHWJallerabyeruga (BIxoy 59%). umeqonoBoe mpousBogHoe: tT. mt. 146°. 

Axasoruuno us 1,9 r (0,01 mona) nepxopara rponunusa u 0,86 r (0,01 moms) 
-M30NPONMIBHHHIOBOrO aPupa Nosyyeno 0,59 r WuKIorenrarpuenulaleraslbye- 
‘vrfa, Beixoy 44%. Jumezonopoe mpousBoguoe: T. mi. 145—146°. 

M3 1,7 r (0,01 mona) Opomuctoro rponuana u 0,86 r (0,01 moma) BUHMIH30- 
-fipomuoporo supa nouyyeno 0,75 r wuksorenrarpHeHusalleTaibyeruga (BbI- 
-xog 56%). JLumeqoHopoe npon3BogHoe: T. nat. 145°. 

His 3,42 r (0,02 mona) Opomucroro rponusua u 2 r (0,02 mona) BuHUAGYyTH- 
“foBoro afupa nowyyeno 1,58 r wWakanorenrarpHenusateralpheruga (BbIXOL 
59%). J[umeqonopoe mpousBoguoe: T. na. 145—146°. 

H3 3,42 r (0,02 mona) Opomucroro rponuaua u 1,72 r (0,02 mona) BuHH- 
alleTaTa B BOJle uepes CYTKH BbiJeeHo 0,48 r WuKorenrarpHenualeraibqeruya 
(Berxog 17%). JiumeqoHoBoe mpousBomuoe: tT. mt. 146°. 

Bo Bcex onbirax C BHHHJIOBLIMM a:pupamu OOpasyerca OMH HW TOT Ke aulb- 
Werufl; CMeWaHHble MpoObl JHMeCAOHOBHIX IIPOH3BOHbIX albAervfa H3 pas/IMUHbIX 
ONMbITOB He JlatoT Wempeccuu TemMepaTypbl MlaBsenus. 

Peakwuax comeh Tponuauan c BxTOpMepky pane 
Tadtbgerujgom. 1,9r (0,01 mona) nepxnopata rponunua u 2,79 r (0,01 mo- 
aia) B-xJIOpMepky palleTaIbderuya BCTPAXMBaHCb B CMecu 10 Ma OensoOa u 5 MA 
BOJIbI B TeyeHHe 2 WHeH. OcaoK OTJeIAICA PUIbTPpOBAaHHeM, MHOFOKPaTHO IIpo- 
MBIBaJICA OeH3OJIOM. BeHS3OJIbHbIe€ BbITAKKU CyliMIuch Hak MgSQO,. Bexn3on 
OTTOHAJICA IPH NOHH2XKeHHOM JaBJICHHH pH TemMepatype He Bbllile 30°. OcraToK 
nmeperoussica B Bakyyme. Ilonyueno 0,54 r WuKsorenraTpHeHuallerasbqerufla 
(sprxog 40%), T. Kum. 64—66°/2,5 um, n® 1,5314. Tumeqonopoe mpox“sBoquoe 


(T. mu. 146,5°) He qaer Jempeccuu TemMepary PbI W1aBJeHUA BCMCCH C J,MMeOHO- 
BbIM IPOW3BOJHHIM aJiberuya, NOJYYeHHOTO H3 BUHMIITHMOBOTO B*~pupa. AHasO- 
ruyHo “3 1,71 r (0,01 moma) Opomucroro tTponumma uv 2,79 Yr (0,01 mous) 
B-xIOopMepKy palleTaIbderufa B BOAHO-OeH30/IbHOK CmecH (1 : 1) nomyueHo 0,56r 
IUKOrenTarpHeHHlalleTabyeruya (BbIxoZ 42%). Borxoy muksorentaTpHeHwW- 
alleraibleruya coctrapiser 50% mpH mpoBeyeHuu 9sTOM Ke peakILMH pu 
He€MPePbIBHOM TepeMelUMBaHHH PeaKIHOHHOM cMecH (Boa + CCl,) B TroKe Ng u 
Ne€PHOAMYeCKOM H3BJIeYeHHH albAerua W3 peaKWMOHHOM cMecH. 

TuaypupopaHwue WHKNOTeENTATpueHHMAneTatlb jer u- 
na. 0,4097 r uwukaorentraTpHeHialleTalberuya THApHpoBaslocb B CiupTe Hall 
MwaTHHOBOM yepHbio upH 21,5° u 733,2 mm pr. cr. Pugpupopanue 3aKOHUMIOCh 
B TeyeHue 30 mux. Ilormorumoch 225 ma He, uro cocrapaser 94,5% B pacuere 
Ha 3 JBOMHbIe cBa3H. KatraiusaTop OT@WJIbTPOBbIBaJICA, H CIMMPTOBbIM pacTBop 
yllapuBalica B Bakyyme. OOpa30BaBlMlica WuKMOreNTHalleTaIbNeruy UjeH- 
THpMUMpOBacA B Bue 2,4-WuHUTPOPeHHIrHApasoHa HM AMMeOHOBOTFO MIpo- 
W3BOJHOrO. 


3)) 


2,4-quHuTpodbeHHIrHypasoH T. mI. 98° (us cmupra). 


Hatizeno %: C 56,30; 56,80; H 6,25; 6,54 
CysHepNaO4. Briuncmeno %: C 56,24; FinG.29 


J{uMeqoHOBoe mpousBogHoe: T. mt. 170,5° (43 cmupra). 


Hafiyeno %: C 74,58; 74,45; H 9,43; 9,50 


CosH3gO4. BorunceHo %: C 74, 58: Jol 2) ay 
Vucrutyr 3ieMenToopraHnueckux Tloctynus0 
coeqMHeHH 14 I 1958 
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MW. A. NOAAYBHbIN, E. fr. SPEHBYPEF u E. HW. CTAPOBOMTOBA 


CTPOEHHH CETKH BYJIKAHH3ATOB KAPBOKCHJICOJEP)KALUUX 
MOJIMMEPOB 


(ITpedcmaeaeno axademuxom B. A. Kapeunoim 31 I 1958) 


B HacToslee BPeEMA XOPOLNO H3BECTHO, UTO OCHOBHbIe (PU3HKO-MeX aHHYeCKHE 
30HCTBA Pe3HH CYUECTBCHHbIM O6Pa30M 3aBUCAT OT MOJIEKYJIAPHOTO CTPOeHHA 
>XOZHOTO NowMMepa. B TO Ke BPeMA HECOMHEHHO, UTO He MCHEE BaXKHbIM (ak TO- 
IM, ONPeeJIAIOWNUM 9TH CBOHCTBA, ABJIAeTCA CTPYKTYPa BYJKaHH3allMOHHOM 
TKH — ee TyCTOTa, PeryAPHOCTb, MPOUHOCTb BYJKaHH3allHOHHbIX CBASCH 
ir... Il. 

OcoOblii HHTepec C TOUKH 3PCHUA USYYeHHA CTPyYKTYPbI BYJKaHH3allMOHHOH 

TKH MIPCCTaBJIAIOT PC3HHbI, MOJIYYeHHble Ha OCHOBE KAYYYKOB, MAK POMOJEKYVIbI 
ITOPHIX COMepKarT HeOObIUINe KOMMYeCTBA (PYHKWMOHAIbHDIX Ppynn, HaNpumep, 
YPOOKCHJIbHbIX Tpynn (2). 
_ BysikaHus8 ava TAKUX KapOOKCHICOMepKallHX NOJMMePOB OKUC/aMH MeTaJ- 
)B IIPHBOAHT K MOJYYeHHIO BbLICOKOIIACTHYHIX Pe3HH C HeOObIYHO BbICOKOM 
JOUHOCTbIO B HEHAMOJIHCHHbIX CMCCAX IPH OOJbUIOM 3HAYCHHM MOLVA yupy- 
CTH, XaPakTePH3YIOINHXCA, OHAKO, 3Ha¥NTeMbHOM TeKyyecTbIO (7). Hocaex- 
If, BIIpOveM, JIErKO YCTPaHAeTCA BBeeHHeM B CM€Cb OODIYHDIX BYJIKAHH3YI0- 
UX areHTOB (THYpama H Jp.). 

Takum 06pa30m, 4pesBbIvaHHO MaJIO OTIIMYaACh OT: OObIUHBIX CHHTCTHYUCCKHX 
1VUVKOB MO MOJICKYJIAPHOMY CTPOeCHHIO HCXOJHOFO MOJMMepa, BYJIKAHH3aTbl 
IpPOOKCHICOepxalluX KaYYYKOB OOJIafaloTr cnelMpuyecKHMuU (CPH3HKO-Mexa- 
('¥ECKHMH CBOHCTBAaMH, CBA3AHHbIMH, OUCBHAHO, C OCOOeCHHOCTAMH CTPYKTYPBI 
. BYJIKAHH3alHOHHOH CeTKH. 

M3yuenuve CTpyKTYpPbl BYJIKaHH3alMOHHOH CeTKM MOJMMepOB ykKa3aHHOro 
Ma MpOBOMOCb HAMM MeTOJOM ONpeseseHuA PaBHOBeCHOrO HaOyXaHHA BYJIKa- 
[3aTOB B OpraHwyeckux pacTBopuTelax. Mcnomb30BaHHe 3TOTO MeTONa OCHO- 
HO Ha CTATHCTHUECKOM TeOPHH TpeXMepHbIX noOuMepoB Psopu — Peuepa (?), 
AZbIBAIOINeH BeIMYMHY paBHOBecHoro HaOyxaHua Q co cpesHeli Be MUHHOH 
WIEKY JIA PHOTO BeCa OTPe3Ka Lev, 3akJIOUeCHHOO MexKY COCeAHHMH Y3JlaMH 
TKH. 

CormacHo 9TOH TeOpHHn 


V lk 
M: = te (1) 


poz + vy + In (1 — 02) ’ 


€ . — TepMOZMHaMHUeCKaA KOHCTaHTa, XapakTepusyloulad B3aHMOJeHCTBHe 
JaHHOH CHCTeMe NOJMMep — PaCTBOPHTeJIb, Ve — OObEMHAA MONA MWONMMepa 


fi 
HM PaBHOBeCHOM HaOyXaHUH, PaBHasd Vg = Om (Q—o6bem pacTBOpHTea, T0- 


OIMeHHbIi eluHuLel OObema nomuMepa), V; — MOJIAPHbIt OObeM pacTBOpH- 

I, @ — MOTHOCTS nomuMepa. (BemwunHa M., oveBuyHO, OOpaTHO Mpomop- 

OHaslbHa uMCy MOMepeuHbIx CBxAseH B BYKaHHaaTe.) 

[lpumenenHad Hamu MeTOAMKa Mp HaMuMH ABYX THMOB BYJIKaHH3 allMOHHbIX 

A3el — XUMHYCCKUX CBA3EH, OOPasOBaHHbIX THYPaMOM, HM «COJIEBBIX», OOpa- 
030, 


30BaHHbIX KapOOKCHJIbHbIMM TpyiMamMu NOMMepa C OKHCJIaMH MeTAaJIJIOB,— 
NO3BOIMIa HE TObKO ONPeeJUTh Pas eJIbHO YNCO BYJIKAHH3aMMOHHbIX Y3JIO} 
OOOHX THIOB, HO H CelaTb ONPeeJICHHbIe BbIBOAbI OTHOCHTEJIBHO IIPHpOsbI «co 
JICBbIX» CBA3eH. 

C 9sTol Welbio WIA KaxkKNOrO OOpa3slla U3SMepAJIaCb BeHUHHA PaBHOBeCHOr¢ 
HaOyXaHHA B UHCTOM GeH3OsIe HM GeH3Oue CHeGOmbUIOK (~ 1%) RoOaBKo mena 
HOH yKcycHou KucIOTHI. JoOaBseHne YKCYCHOH KUCJIOTHI paspyWaJIO «COJeBbIe 
CBA3H, UTO ObIIO WOKa3aHO NOMHOH PaCTBOPUMOCTHIO B ITOM CJIyuae BCex OOpPas 
I(0B, BYJIKAHH30BaHHbIX TOJIbKO OKHCJIaMH MeTAaJIJIOB. 


Taomuua 1 


Tycrota ceTKH ByJIKaHH38aTOB, MONYYeCHHbIX B MPHCyTCTBHM Ppa3THUHbIX OKHCJIOB MeTaJJON 
(By IKanu3auud 240 mun. mp 143°) | 


Kosnuectso }) 
CBA3 aHHbIX 
Ka pOOKCHJIbHbIh, 
rpynu, % 


M,. - 10 KouwuuectTBo 
mpopearupo- 
BaBUero 
,comeBoe* |THypamMa, % OT 

BBeJ[eHHOrO 


NoNo Kou. 
jas at Oxucean oKucuia, % 


TlOJHOe THYpaMHOe 


TpepfocTbh HCxogqHOrO KayuyKa 425 Tr, cofepxKaHMe MeTaKpHOBOH KUCI. 1,0% 


1 MgO 3 13,6 42 20 14,5 29,0 
2 MgO 5 14,7 44 22 14,9 29,0 
3 CaO 3 26,0 43 65 14,0 9,0 
4 CaO 5 20,0 38 | 42 ANB) aS 14,0 
5) ZnO 10 15,3 PA 53 28 ,0 1450) 
TBepgoctb KayyyKa 1825 r, cozepxanve MeTakpustoBol Kuca. 1,5% 
6 MgO 3 Sold 25 16 24,5 30.0 
7 MgO by) 10,0 25 18 24,0 33,0 
8 CaO 3 16,5 24 75 28 ,0 8,0 
9 CaO 5 13,0 24 39 28,0 ATO 
10 ZnO 10 NO), 14 40 43,9 15,0 
TBepfoctb KayuyKa 900 r, cogepxkaHHe MetakpuoBo Kuca. 0,75°/o 
14 MgO 3 16,5 23 60 26,0 20,0 
2 MgO 5 16,5 22 65 PTLAG, 18,0 
i) CaO 3 1950 24 107 20,0 10,0 
14 CaO 5 16,0 24 38 29,0 18,0 


Takum 06pasom, B TO BpeMA Kak BeJIMUMHA paBHOBeCHOrO HaOyxXaHUA BU 
CTOM PaCTBOpHTeJe COOTBeETCTBYeT NOJIHOMY UHCY BYJIKaHH38alHOHHbIX CBaA3e 
(n), BenuuuHa Q B pacTBopurede c JOOaBKOH YKCYCHOIt KUCJIOTHI XapakTepu3ye 
rYCTOTY TO/IbKO «THYPaMHOli» cerku (Nz), H, CELOBATeMbHO, YHCO «comeBEIX 
Y3JIOB paBHO pa3HOcTH n—nr. 

Yka3aHHbIM MeTOJOM Oblla uCceqOBaHa CTPyKTypa paga BYJIK AH H3 aTO}] 
AMBUHWJICTUPOJIbHbIX KapOOKCHJICOZep*Kallux KayyyKoB (c CoepxaHvem mera 
KPHOBOH KucmoTHI 0,75 u 1,5%), BYKaHH30BaHHbIX B MpucyTcTBUN 2% THY 
PpaMa H pa3JIMUHbIX KOJMueCTB OKUCIOB Mg, Ca nu Zn. 

BplI0 ycTaHOBeHO, UTO rycToTa MH CTPyKTypa cerKu CYLJCCTBEHHO 3aBHCAl 
OT Mpuposb OKucna. Tak, KOMYeCTBO «COmeBLIX» CBAsEH — HaHOoubIee JI 
BYAKaHM3aTOB, MOJYYeHHBIX B IpucytcTBud MgO, u HaumMeHbitiee — npu Zn 
MpH¥4eM B peakI{M OOpasOBaHUA BYJIKaHM3allMOHHBIX CBA3el yuacTByer BCero ot 
8 yo 40% coxepxaluxcd B NOHMepe KapOOKCHIbHBIX rpyun * (cm. Ta6. 1). | 


* CaleyeT OTMeTHTb, YTO IPH BYKaHH3alNM OKUCTaMA Mg uw Ca B cMecb OnomHHTeIbH 
BBogusca 1% OKucH Zn, cmoco6crsyiomlell peaKuun OOpasoBanusa «THYPaMHEIX» cBaA3e. Ito ob 
CTOATCJIbCTBO HE BHOCHT CyIMeCTBEHHOM OWMOKH B PacdeTbI B CBASH C YNOMAHYTOM BENE HAUMeHE 
elt aKTHBHOCTHIO ZnO B OOpa3z0BaHHH <COMeBBIXY CBABElI (Mc=50000 npu 10% ZnO) 
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PasoB B GeHsoue C OOaBKOli yKcycHol Kuc- 500 man. 


| YkasanHoe OOcToOATeMBCTBO MO3BOMHAO mpeqno- eae bieacitreeh 
XKHTb, UTO BCJIyuae oOpasos, BYJIKaHH30BaHHbIX 3g mpucytersun 2% Tuypama u 
Ipucyrcrsun MgO u CaO, umeer ecto nocrenen- 10% ZnO. /—p OeHsoue, 
€ YMeHBIICHHe UNCa MOMepeyHbIx «comeBbixy 2 —28 SeH30ne c jo6aBKoii 
AZeH, PBYULMXCA B Mmpotecce Ha0yxaHua. eet t aM oe 


2 
| 5 
| ei 65° 
J 20 
5 Ss 
10 
1000 Mut 1000 Z0NQ = mua. 
>. 2. Kpuppie na6yxanua o6pa3os, Puc. 3. TemnepatypHaa 3aBucumoctTb 
KaHH30BaHHBIX B MIPHCyTCTBHH 2%, HaOyXaHua B OeH30Ne OOpasiia, Bys- 
Pama u°5% MgO. 1 — zB 6ensone, KaHH30BaHHOro B IIpHcyTCTBun 
-B 6eH307e c JO6aBKoit ykKcycHolt 10% MgO 
KHCJIOTHI 


-MOJIO2KCHHE MOTJIO ObITh MPOBePeHO C MOMOLIbIO HCCJIELOBaHUA TemMepaty p- 
i 3aBHCMMOCTH HaOyxanua. CooTBercTByIOlHe JaHHble MpMBeJeHbI Ha Puc. 3, 
KOTOpOrO CJIeqyeT, 4TO MPH NMOBbILeHHH TeMNepaTypbl HaOyxaHua Wo 65 
wuuHa M, mMarHuesoro o6pa3ia 3aMeTHO yBeHuMBaeTCH. CreqoBaTebHO, 
| KAPOOKCHICOepKaulHX MOMHMePOB, BYKaHVW30BaHHbIX C TIOMOLbIO OKACH 
‘HHA, HECOMHEHHO, XapaKTepHO HaJIMuve YNOMAHYTHIX CaObIx cBasei. Pac- 
sHepruu cBa3uH E, NpoBeqeHHbIM JIA 9TUX BYJIKaHH3aTOB MO ypaBHeHHIO 
DeHHYCa, MpHBOAUT kK BeaHuHHamM 1000—2000 Kkan/mMomb, T. e. BeMUnMHAaM 
AKA Me@2KMOJICKYJIAPHBIX CHU. 

XapaKTepHo, TO flaibHeliluee yBeHUeHHe TemMepatypbI pacTBopuTela — 
yxXaHve B xopOeH307e u KCusONe pH 125—130°, npnBoyuT kK NoOmHOMY 
TBOPe€HHIO YKa3aHHbIX BbIllle BYIKaHM3aTOB, OOaaloOulHX B OObIYHbIX YyCJIO- 
X BbICOKUMH ()H3HKO-MexXaHHYeCKHMH NOKasaTe/AMH. SameTHM, 4TO IIpHBe- 
Hble 3Hauenua FE CooTBercTBYIOT 2HEPrHu CBA3eH B HalpxAxKeHHOH HaOyx Wet 
ce, OCAGJICHHBIX CHJIaMH B3aMMOJeUCTBHA C PaCTBOPHTeeM H HalpAxXeHueM 
cH. TlocmeqHee MOxHO NpHOMMKeHHO OLleHUTh, AupPepenwupyA BbIpaxenne 
SMACTHYeECKONH CocTaBJIAIOMeH SHTPOMHH HaOyxaHHs. 


* YpemMuenve TemMepatypbl HaOyxaHHA B CyYae cTaOMbHOH BYAKaHW3alMOHHOU cerTKH 
HO TIPHBECTH K HEKOTOPOMY CHM KEHHIO Ipeseda HaGyxaHua, OOyCOBMeHHOMy ie ees 
pHoro o6bema B cooTBeTCTBHM c ypasHeHvem (1). Benuunnav mp, Omu3Kux Kk 0,3, mano 
CHT OT TeMMepaTyppl. 
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Pacuer mpvBoquT K 3HaueHHsamM nopsaKa 10-° quH Ha cBA3b uM 5 - 10) 
quH/cm * mpu Q = 10, T. e. BeIMUHHaM, Ha MOPAJOK MeHbIUMM IIPOUHOCTH CBA: 
3eH, OOYCJIOBJICHHBIX JMCNePCHOHHbIMM CHIaMH. 

V3 w3l02%KeHHOrO Bbillle culeqyer, YTO BYJIKaHu3alluaA KapOOKCHJICOsep*Ka 
IHX MOJIMMepOB OKHCJIaMH MeTaJIJIOB, OUCBUHO, IpakTH¥eCKH He CBA3aHa C O& 
pa30BaHHeM HOPMAaJIbHbIX XHMHUCCKHX CBA3eH, OTBEUAIOWIHX CTPYKTYy pe CpesHUZ 
MarHHeBbIX, KaJIbIMeBbIX H ILMHKOBbIX COJI€H BbICOKOMOJICKYJIA PHbIX KHCJIOT. 

Bosee BepOATHbIM ABJIAeTCA TIpeANOORKEeHHe, BbICKAsaHHoe BepBble B. A 
Kapruubim, 0 TOM, 4YTO BOSHHKHOBeHHe «COJIEBOM» CeETKH IIPpOHCXOANT 3a cue 
oOOpas0BaHuA COeMHeHHM THIa OCHOBHBIX COJIeH, KOTOPble BCJIeCTBHe MJIOXON 
PaCTBOPHMOCTH B TOUMepe HOO OOpasyIoT KPUCTAaJJIMYeECKUe arlOMepaTHl, JIM60 
OCTaIOTCA CBA3SAHHbIMH C pacnpeeJIEHHbIMH B MOJIMUMepe KPYNHbIMM YaCTHILaMl 
OKUCJIOB. 

B 9TOM CJly¥ae MpOuHOCTb BYJIKaHW3all\MOHHbIX CBA3eH MOJI2KHa 3aBUCeTb O 
paCTBOpHMOCTH STHX COJIeH B NOJMMepe, HMCHHO YMeHbIUAaTbCA C yBeJIMYeHHer 
pacTBOpHMocTH. ! 

BplOpaB B KayecTBe COeCAMHEHHH, MOJeJIMPYIOWINX CHCTeMY BbICOKOMOJICKY JA pl 
Had COJIb — MOJIHMep, OleaTbI MaFHHA, KaJIbUMA WM WHHKa HU, COOTBETCTBeEHHG 
M300KTAH, MbI YCTAHOBHJIH, UTO PaCTBOPUMOCTb YKa3aHHbIX COJeH 3HAUHTeJIbH| 
yMeubliulaetca B pagwy Mg> Ca>Zn (c 10,8 go 0,7 Bec. %). Stor @akrT noxTBep 
WaeT IPHBeeHHY!O TOUKY SpeHHA Ha MpHposy OOpasyIouluxca MPH BYIKAaHHS 
WHH KapOOKCHJICOJep*KallHX MOJIMMePOB OKHCIaMH MeTaJVJIOB MOMepeyHbIX CBS 
3eH, HPpaloll[uX, M0-BHAMMOMY, POJIb CBOeEOOPasHbIX <AKTHBHbIX HalOsHUTes el» 


i 


Beecorw3Hblli Hay 4HO-HCceqOBaTebCKUH Ilocrynuso 
MHCTHTYT CHHTeTMYeCKOrO KayuyKa 18 XII 1957 
um. C. B. Jle6enena 


IMTHPOBAHHASA JIMNTEPATYPA 
1B. A. Monaronaock, EU.Tunaskospaugp., Kayuyk u pesnua, Ne 3, 11 (1957 
A. Honronaock, B.H. Petixu gp. Kayuyxk u pe3snna, N26, 1 (195% 


25. 
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Hoxaayo Akagemun nayxr CCCP 
1958. Tom 120, N 3 


: XHMH A 
H. H. CAXAPOBA u C. B. 3EMCKOB 


) O JIBOHHbIX XJIOPHJJAX 3JIEMEHTOB WEPHEBOM TPYNMbI 
) C XJIOPHOM TPHMETHJIAMHHA 


(ITpedcmaeaeno axademuxom H. H. Yepraeeum 24 I 1958) 


B cBoe BpeMaA ObWIN H3yUeHbI TBOHHbIe xMopuAb (+) u HUTpUTDI (2) peqKO3e- 
MEJIBHbIX 9JIEMeHTOB WepHeBOM FpylMbl C COOTBETCTBYIONHMMH COJIAMH Terpatpe- 
aunoconns (7°). Tosquee Mexoxc (°) Bbiqenua Boliubie HHTpPaTbI JaHTaHa, 
Hepa, mpaseoqumMa UW HeOuMa C TpudenulOeH3HsIpocponuem. ‘ 

_ Jpoliupie con 9ToH rpynmbl Cc yKa3aHHbIMM COJIAMH OpraHHyeCKHX OCHOBA- 
sani novlyuaiuch 43 96% sTHIOBOrO cHupTa; pa3Jlaramuch pu AelicrBuM BOI 
Ha HCXOJHbI€ KOMMOHEHTH; MCI XapaKTepHble TeMMepaTypbl NWw1aBeHHa U 
HeOJUHAKOBY!O PaCTBOPHMOCTb B OpraHHyeCKHX PaCTBOPHTeIAX WH UX CMeCAX. 

IIponomxKaa paHee HayaTble paOoTbl NO H3YYeCHHIO TBOMHbIX COel pelKo3e- 
M@JIBHbIX 3JIEMeHTOB C COJIAMH OPraHHYeCKHX OCHOBaHHM, B Kpyr HCCTeqOBaHHli 
MBI BKJIIOUMJIH XJIOPHJbl MeTHJIaMHHa, JMMeTHJIaMMHa HM TPMMeTHJIaMHHa, Kak 
BellecTBa Oouee ocTynuble. Ham Ka3aslocb HeOeSbIHTePeCHbIM BbIACHHTb, KaK 
WleT KOMMIeKCOOOpas0BaHHe B MPHCYTCTBHH BO/bI W B HEBOJHbIX Cpefax y XJIO- 
PHJIOB PeMKO3SCMEJIbHHIX JICEMEHTOB C COOTBETCTBYIOULUMH COJIAMH YyKa3aHHbIx 
AMHHOB, B 3aBHCHMOCTH OT CTeMeHH UX 3aMCIIeHHA. 
~ VcxoxHpim MaTepHavioM Jia MOuyueHHA JBOMHbIX XJIOPHAOB peKOseMedb- 
AHbIX 3JIEMCHTOB C TPHMeTHJIAMHHOM CJIY2KWJIM XJIOPHCTHIN JIaHTaH ( cojep2»xaulyh 
no 1,6% xnopuya mpaseoquma), xXJIOpucTbI Wepui, NOJY4eHHbI H38 MHOPOKpar- 
HO IlepeKPHCTaJJIM30BaHHOM ABOHHOM a830THOAMMOHHMHOM COJIM UeTbIPeXBaJIeHT- 
HOFO IlepHA, HW XMMHYECKH YUCTHIe MpenapaThbl XJOPUAOB MpaseoMMa UW HeOMMa. 
XsOpH TpHMeTHJaMuHa HMeJI CBOHMCTBeHHYIO eMYy TeMMepaTypy IJaBseHHA 
Bil. 

IIpeqpaputTeibHO ObIO YCTAaHOBJICHO, UTO XJIOPHbl JaHTaHa, WepuA, Mpa- 
3eOJ,UMa H HeOduMa Ipu COUeTAHHH C XJIOPHOM TPHMeTHaMHHa B IpPHCyTCTBHM 
96% »sTHIOBOrO CNMpTa JalOT H€CKOJIbKO COeqMHeEHHH, OOPas0BaHHe KOTOPbIX 
HaXOJHTCA B 3aBHMCHMOCTH OT OTHOCHTCJIbHbIX KOJIMUeCTB BCTYMAIOWLMX BO B3aH- 
MOZeHCTBHe BeleCTB HM YCJIOBHH KpHCcTasusaluu. Tak, MpH MOJIeKyJIAPHOM 
COOTHOIMCHHH XJIOPHAOB PEAKOZEMEILHBIX SJICMCHTOB (B Tepecuere Ha UX 6e3- 
BOJIHbI€ COI) K XJOPHAY TPMMeTHaMuHa B OTHOIWeHUH | : 8, T. e. pM u3ObIT- 
Ke noculequero, Mouwyualorca COCMHHEHHA, Pe Ha OMMH aTOM PeAKO3eMeJIbHOrO 
MeTaJJla IpHXOMHTCA ueTbIPe MO/eKYJIbI aMuHa. 

J]ia mlowyueHua STHX COeCLMHEHHM XJIOPUAbI JIaHTaHa, WepHA, Mpaseoquma, 
HeOJIMMa MH TPHMeTHJaMHHa, B3ATbIe B YKa3aHHOM BbIllle COOTHOWeHHH, PacTBO- 
PAUHCh PaslebHO TIpH Cia6OM HarpeBaHHH B BOSMO2XKHO MHHMMAJIbHbIX KOJIM- 
yecTBax 9THIOBOrO CuupTa (MpHMepHO 0 2 MJ Ha KarK{[bI TpaMM HCXOHOrO 
BeujectBa). IlomyueHHble MpospayHble PaCTBOPbI XJOPHOB PeAKOSEMCJIbHbIX 
9JIEMCHTOB HW TPHMeTHJIAMHHa TeIVIbIMH CMeLIMBaIUCcb BMecTe. Ilo mepe ylalenusi 
W3ObITKa PaCTBOPUTeIA B BAKYYM-9KCHKaTOpe Hal XJIOPHCTHIM KaJIbUMeM HM Ma- 
padunom yepes 1—2 qua u3 pacTBoOpa BbIJeIAHCh KpacHBble XOPOILO ccopmu 
POBaHHLIe KpHCTaJJIbl B Bue WeCTHrPaHHbIX M1acTuH, OeCUBeTHBIX B cylyuae 
jlaHTaHa UM WepvA MW OKpaleHHbIX B 3e/eHbI MU PHOMETOBHIH BCT B Clyuae Mpa- 
3e0MMa H Heofuma. KpucravJibl, JIerKO paciWIbIBalOl\HeCA Ha BOSAyxe, ObICTpo 
OTIeCAIHCh OT MaTOUHOFO pacTBOpa, HECKOJbKO Pa3 IIPOMBIBAIMCbh XOOXHbIM 
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3THJOBLIM CIMPTOM WH CYIIHIMCb NO BaKYYM-KOJOKOJIOM MPH 50° u 4—5 mM 
B IIPHCYTCTBHH XJIOpHCTOrO Kadiblkus MH PocopHOrO aHTuApHa. 

B 06e3BO2KCHHbIX COCIMHEHHAX ONPEMeIAOCb COMEpAKaHHe PEAKOZEMCJIBHOTG 
MeTaslla OKCalaTHbIM MeTOJOM, C HOCJeLyIOU,AM MepeBOAOM OKCasaTa B COOT? 
BeTCTBYIOMIHe OKHCIbI (3a HCKIIOVeHHEM MpaseokuMa, KOTOPHIM He LaeT OKUCI 
TOUHOrO XHMMYeCKOrO cocTaBa) XJlOpa, a30Ta, yruepoa H BOAOpoAa. | 

Tpohuok xAOpuaA AaHTaHa Cc TPHMECTHAAMUH OMe 


Be3spolHaAn COuJIb. | 
2 Haiimeno %: La 22,48; 22,50; Cl 39,20,39,40; C 22,64; 

N 8,75, 9,03; H 6,70 | 

LaCls:4(CHs)sN-HCl. Botuncneno %: La 22,08, Cl 39,60; G72296: | 

N 8,93; H 6,48 


Jlpofinol xnopuy wepusa c TpaMeTHAaMuHOM. Bespoquas COUIb.. 
Hatiqeno %; Ce 22,32, 22,51; Cl 39,21, 39,30; N 8,68, 8,99; 
O22 8t~ Zag; HG, 74, 0.00 


CeCly-4 (CHg)s3N-HCl. Baruncneno %: Ce 22,27; Gl aioe N 8,91 | 
CP2 2 G2 POs e0 | 


WBpotuoh xnmopug mpazseokhuMa Cc TPUMeTHMAMUHOM. Bespoqnasi 
COJIb. { 
Hatimeno %: Cl 39,48; 39,80; C 22,98; N 8,57; 8,89; H 6,80 

PrCl3-4 (CHs)gN-HCl. Butaucmeno %: Cl 39,43; OSE IN Ley 0? H 6,40 


WpotHok xmopum HeEOAUMA C TPHUMETHMAMHHOM. Be3BoyHag COJib.» 


Haiigeno %: Nd 22,86; 22,59; Cl 39,63, 39,58; N 8,99, 9 33: 

CG ABOL8 wel (35 

NdClg-4 (CH3)3N-HCl. Batuucneno %: Nd 22,80; GIPS9; 22° N 8,85; 
C 22,80; H6,71 


Temnepatypa lvlaBJieHHA JBOHHbIX XJIOPHOB PeAKOSeEMEJIbHbIX 3JIEMCHTOB 
C TPHMeTHJaMHHOM OKa3alaCb PaBHOM JIA COM JaHTaHa 287° u WIA anasorM4y- 
HbIX COCMMHEHHH Wepua, NpaseoluMa H HEOLMMa COOTBETCTBEHHO 289, 295 1 296°. 
JipyKpaTHad MepekpHCTaIu3alHA MOUYYeHHbIX JIBOHHbIX XJIOPHJOB, 3a HCKJIIO-} 
YeHHeM COJIM JIaHTaHa, He MIpHBewla K H3Me€He€HHIO MX TeMMepaTyp MWWlaBJeHHuA. 
JipowHok XJIOpHy JiaHTaHa, CHHTe3HPOBaHHbIM U3 Mpelapata, comlep2kamlero) 
no 1,6% xmopuga npaseoquma, MpuoOpen craOuJIbHy10 TeMNepaTyPpy MWw1aBJIeHus 
JIMIlb Nocse TpexKpaTHOH MepeKpuCcTasMu3alHU ero u3 96% sTHTOBOrO CHupTa. 
BpIxO], MOYYeHHBIX JBOMHDIX XJIOPHJOB KOeOaIca B Mpesemax or 80 go 90%. 

J{BoHHbIe XJIOPHAbI JaHTaHa, WepuxA, Npaseoquma HW HeOuMa C TPHMeTHJ-) 
AMHHOM XOpOlIO paCTBOPAJIMCb TOJIbKO B BOJe H MeTHJIOBOM CIIMpTe, xyxe —> 
B STHJIOBOM CIHpTe, NPH4YeM B NOCJe€HeEM PaCTBOPMMOCTb MpaBHJIbHO MOH Ka- | 
Jlacb C POCTOM TeMNepaTyp WwiaBJIGHHA OT COM JIaHTaHa K COJIM HeOJMMa; HE’ 
pacTBOpaAHCb B Sc:pupe, alleToHe, OeH30ue, TOMyoMe, KCHNONe, THXOpsTaHe, 
xJlOpoopMe, XHHOJIMHeE, MMPHAuHe, OpoMOeH30Ne, U300yTaHOBOM H H30aMHJIO- 
BOM CIIMpTax. | 

Takum OOpasom, B pe3yJIbTaTe MpOBeeHHOH padorTbi Ob MOMYUeHbI BOH- | 
Hble XJIOPHAbI PCAKOSEMEJIbHBIX SJIEMeCHTOB C TPHMeTHJIaMHHOM B IIPHCyTCTBHK 
96% aTHIOBOrO cnupTa, oTBeyalomne Obmel dopmyme MeCl;-4(CHs;)3 N- HCl, 
rae Me— La, Ce, Pr u Nd; u3yuenpt cBolicrBa 3THX COoeqMHeHHH HM yCTaHOB- 
JIeHa HX PaCTBOPHMOCTb B BOE H OPraHwyecKUX PacTBOPHTeAX. | 

Visyuenue aHaJlOrMuHbIX JBOMHBIX COJlell PeAKOSEMCJIbHBIX SJIEMCHTOB Ie- 
PpHeBOH Tpynibl C COMAMM aJIM*baTHyecKUX MH aPOMaTHYCCKHX aMHHOB B MpH- 
CyYTCTBHH BOJbI H B HEBOJHBIX CpefaxX HaMH Uposomx«Kaerca. 


CapaToBcKHH rocyapcTBeHHElt Ilocrynuso 
yHuBepcuter um. H. T. Uepupimtesckoro 10 IX 1956 


UMTHPOBAHHASA JIMTEPATYPA 
1H.H.Caxapoesa, JAH, 77, 73.(1951), 2°T.B.Menoxe,H, H.GCaxaposa 
HAH, 78, 1201 (1950), *H. A. Tononos, T.B. Menoxc, Ber., 61, 907 i938), 
I’. B.MenoxKe, EVM’ Comectreenct kaa, fH. Ca xa p.ob a pkilX, 23) fe 
(1952). ®°T. B. Mengoxe, H. H.Caxaposa, Yu. 3an. Capatosck. roc. yu-Ta, 34, 
117 (1954). . °T. B. Megoxke, )KOX, 26, 382 (1956). 
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Aoknago Akanemun nwayr CCCP 
1958. Tom 120, Ne 3 


XHMHA 


C. P. CEPFHEHKO, JI. H. KBATKOBCKHH, A. JI. WEQWJIMHA u Aa. A. METPOB 


CHHTE3 BbICOKOMOJIEK YJIAPHbIX YIJIEBOOPOJOB 
CMEWIAHHOFO CTPOEHHA 


(ITpedcmaeaexo axademuxom B. A. Ap6yscevm 4 I 1958) 


CucremaTHyueckhe padorbl 10 CHHTe3Y HH MBULY aJIbHbIX YFIEBOAOPOOB HU u3y- 
(eHHIO HX CBOMCTB HU peakWHi JlexKaT B OCHOBe paspabOTaHHbIX 3a MocseHee 
sP€EMA HOBBIX H BECbMa 9PPeCKTHBHHIX METONOB aHaJIHu3a YIIeEBONOPOMHbIX Cmeceli. 
€ ¥HCJlyY TaKHX HOBbIX ME€TOJOB OTHOCATCA Mpexke BCePO CICKTPaJIbHbIe MCTOJBI 
KOMOHHAMHOHHOe paccesHHe CBeTAa, HH(PpakpacHasd U yJIbTpaduoseroBas cieK- 
‘pockonna). 

B Hactosimee BpeMA OOJIbIIYIO aKTYaJIBHOCTh UpHoOpesa 3amaua u3y4ueHHA 
OcTaBa, CTPOCHHA UM CBOHCTB HaMOoJlee BbICOKOMOJIEKYJIAPHOM uacTH HepTH, 
coTOpad, KaK MpaBHJlO, CocTaBJAeT Ooslee NOJOBHHEI cbIpow HedpTu. Meroy 
bINeICHHA WHAMBULYAabHbIX COeIHHeEHHM, C YCNexOM NpPHMeHAIOULMMcA mpu 
BP reciosanun JIePKHX HCpeHUX YacTelH Here, XOTA H MOXET ObITb HCMOJIb- 
OBaH B OTJGIbHbIX CJIyYaAX JIA pelICHHA YaCTHBIX BOMPOCOB, OKasbiBaeTcaA 
‘palihe TpyqoemKuM M MaJlo3eKTHBHBIM MPH W3yYeHHH COCTaBa H CBOHCTB 
JIOMKHBIX CMeCeH BbICOKOMOJICKYJIAPHBIX COeCAHHEHHH Hedru. 
 B 970m culyyae MOXKHO PaccuuTHIBaTh Ha OombwWMi ycnex mp ucnobsOBaHHU 
[DMHILMMOB, JIe€Kalll[HX B OCHOBe (PH3HKO-XHMHYECKOLO aHalH3a, T. €. Ha YCTAHOB- 
[(CeHHH KOJIMYeCTBEHHbIX 3aBHCHMOCTeH OCHOBHBbIX (bH3H4eCKUHX CBOHCTB BCel 
JIOXKHOH CHCTeMbI OT ee XHMMYECKOTO CocTaBa. Ho ycnewHoe mpuMeHeHnHe 9TOTO 
IPHHWuMa TpeGyer, YTOOLI 3ABHCHMOCTb CBOMCTB OT COCTaBa CHCTeMbI H3yuasacb 
HOB P@MCHHO Kak Ha €CTECTBCHHDIX CJIOMKHDIX CHCTEMAX HEMSBECTHOFO CTPOeCHHA, 
‘ak HM Ha HCKYCCTBEHHbIX CM€CAX, COCTABJICHHbIX H3 HHAMBUAYaJIbHbIX COeMMHE- 
iW, T. €. Ha CMeCAX, B H3BeECTHOH Mepe MOJeJMpYIOWHX HCCeAyemble ecTecT- 
3CHHbIC CHCTeMBI. MmMeHHO JTOT MPHHILHN MOOKeH B OCHOBY MHOFOUHCJICHHbIX 
soluuKaun MeTowa CTpyKTYPHO-rpymnoBoro cocTaBa MacCJIAHbIX Ppakinii 
rerun. 

Monekysbl BbICOKOMOJIEKYJAPHbIX COeqMHeHHH HeTH (Cyo UM Bblle), Kak 
1OKa3aJIH HCCIe€IOBaHHA MOCJIeHHX JET, UMEIOT IIpeMMYLLeCTBeEHHO CMelUaHHOe 
ruOpuqHoe) crpoenne. Mubimu CJOBaMH, B MOCTPOCHHH MOJIEKYJIbI YuacTBYIOT, 
; 6OUIbIel WIM MeHbIUeH CTeEMeHM, CTPYKTYPHbIe 3BeCHbA Pa3JIMYHbIX POMOJIOrH- 
leCKUX pAOB (Mapadunbl, WukNONapapHHbl, OeHsoN, Hadraiuy 4 Ip.). CoorHo- 
He€HHe CTPYKTYPHbIX 3JIeEMeHTOB alMPaTHYeCKOH MWHKAMYeCKOH NPHpOsb! KO- 
leOJIETCA B WMPOKUX Mpeyesax, B 34BUCHMOCTH OT XHMHYECKON MpHpOsb! HeEpTA. 
3 CBA3H C 9TUM ObIIO PellleHO CHHTC3HPOBaTb PAT He ONMMCaHHDIX B IMTeEpaTy pe 
TACBONOPONOB COcTaBa Cy,— Cz2C PasJIMYHbIM COOTHOLICHHEM aTOMOB YyTslepota 
. CTPYKTYPHBIX 3BCHbAX MOJICKYVIDI. . 

TloyueHHple B HacTOALee BPeMA YIeEBODOPOAb!, a TaK2Ke UX CBOMCTBA IIPH- 
eeHbI B TaOur. 1. 

B yampueliliem HaMH WWaHupylOoTCA Kak CHHT€3 HOBbIX CTPyKTYP, Tak U 60- 
lee TIO POOHOe USYYeHHEe CBOHCTB CHHTC3HPOBAHHBIX YIIeBOAOPOROB, B TOM HACE 
3KOCTHO-TeMMepaTy pHbI€ XapaKTePHCTHKH, aCOPpOMMOHHbIC CBOHCTBA, YAbTpa- 
MONeTOBbIe M HHpakpacuble CHeKTpHI UT. A. HecomHeHHO, UTO AeTaIbHOe usy- 
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Tt a.Outvar ae 


| 
Te Kan., 
ate Yrueponopoy aC" i ae Cnoco6 nomyyenua 
1 1,1-qudenuspqomekan 208 |1,5241 | 0,9248 U3 marnukOpomenusa u sth 
Jay puHata 
2 1,1-auuuKsoreKcua- 204 |1,4803}0,8758| Tuppupopanve  yraesogqopom 
mowekaH Ne 41 
3 2,11-nudenusigqonekaH 200 | 4,92412)| 0,9244 M3 1,10-aucdhenunpekanquone 
1,40 ww mMarHunogmMetuna. Kero 
CHHTe3HPOBaH H3 JMHUTpPHsa cebE 
UWHHOBOH KHCJIOTbI H MarHHuOpom 
(peHuuia 
4 2,11-aMuMKJOreKcH1-20- 196 |1,4802) 0,8759 ee yreBoxopom 
WeKaH Ne 
D 1,5-qupenna, 3-renrus- 210 |1,5206})0,9233| Wa maruutopranuyeckoro coe 
lNeHTauw JIHHEHHA Opomuya (peHHJISTHIOBGI 
ro ciupTa uM STHIKampuata 
6 1,9-MUMKJIOreKcH, 208 |1,4776|0,8691] Tugpupopanue  yraeBogopoyy 
3-PelTHIMeHTaH Ne 5 | 
7 1 ,1-hennsiluKloreKcn- 206 |1,4980]0,8960| Ws naypodpenona ux Nal 
oweKau uuksorekcHia. KeTou cnuTesupa4 
BaH H3 MarHHHOpomenusa u HHI 
Tpla JayPHHOBOH KHCJIOTHI 
8 1,1-(4a1) auHaprungo- 204 |1,5989|1,0130) Ws maraui6pomuadptuna u sTHt 
qekaH JlaypuHata 
9 1,1-(@a1) uaeKarugpo- 252 |1,5245|0,9537! Tugpupopanne  yraesoxopoay 
HapTujoLeKan Ne 8 
10 1,1-(4a1) AuTeTparugpo- 243 |1,5480|0,9796| Tugpupopanne  yraesogopoay 
HapTusojeKkan Ne 8 
that 1,1-a-Haprua, 8-neKxa- 252 |1,9900|}0,9662} W3 sayponabrona u mary 
ruspouapTurosekan OpomyeKasiuHa. Keron Opi nom 
YeH OJHOBPeMeHHO C_ yrvieBOx: 
pogom Ne 8 
12 1,3-(441), MuHaprna, 2- 248 | 1,5780)1,0044} Ws marnuiixopmetuauapian 
HOHMJIMpOmaH Ha HW 9THIKaNpHHata | 
13 1,3-(%01), MHfeKarugpo- 244 |1,5013 | 0,9263 Tuppupopauve yr aespoxopoxi 
HapTus, 2-HOHMIMponaH Ne 12 
14 2,11-(401) AuHaprusZ0- 209 | 1,5960}1,0193] U3 1,10-qunapruagekanqnonay 
WekaH 1,10 uw MaruuiiiogmMeruaa. Kero| 
CHHT€3HpOBaH M3 AMHUTpHua cebas 
WMHOBOK KHCIOTEI H MarHHli6pom4 
HapTusa 
15 2,11-(aa,) mumexaruz- 206 | 1,5135|0,9484| Tugpuposanne yraeBogopoyii 
ponapTusjogxeKan - | Ne 14 


“ Temnepatypbl KMMeHHA NoNyYeHBI MPM cweLyIOUMX aBNeHMAX: WIA yreBoopoxed 
NeNe 41—7 npu 4 mm pr. cr., qa yraeponopoyzoB NeNe 8—15 npx 0,5 mm pr. cr. 


yeHHe CBOHCTB HW peakitMii STUX CoeqMHeHHIi Oyler cmoco6cTBOBaTb Gove 
ObICTpoMy u3yueHMIO CocraBa HM CTpoeHusA BbICOKOMOJICKY JIA PHBIX COeHHeHHI 
Heru. 

B sakJ0ueHve KOPOTKO OCTaHOBUMCA Ha HEKOTOPBbIX NOApoOHocTax cunTess 
yreBonopoxoB. TperwuHbie CMpTbl, MOsyuaemble 110 Ipunbapy, Rernaparu 
POBaJINCb B BaKYYMe Ha YMCTOH OKUCbIO aJIOMMHUA mpH 280—320° y I MN 
OcraTouHOrO JaBenun. TuapupoBaHue MpokyKTOB MpPOBOAMAOCH B aBTOKMaBee 
B IPucyTCTBuW HukeA Penes. YenoBua ruAqpHpoBaHuA: ABOlHOH cBasH 50— 
70°, GeH30MbHOTO KOMbIAa 150°, HaTaJIMHOBOTO KOJIbIla B eKaluHOBoe 150% 
B TeTpalMHOBOe 100°, QaBeHHe BO BCex cryyanx 100—150 arm. 

Tonyuennpie yreBOROPOAb! CocTaBa Cza pasorHavbl Ha CIeMMabHOH Hacal 
HOUHOH BaKYYMHOM KOJIOHKe acdpekTUBHOCTHIO B 167.7. YrueBoOposbl cocraBé 
Cs. OUNMauch MyYTeM MOJICKYJIAPHOH MeperoHKu pH JaBsenun 1-1075 y pew! 
nmepatype 170°. 
042 


Cneqyer Tak2Ke OTMCTHTb, UTO OOMbUIMHCTBO CHHTESHPOBaHHbIX HaMH CoeM- 
HeHHM MPH OXJaxKJeCHHM 3aCTbIBaIO B BUe CTeKON pH TemMepatype or —20 
no —30° (yrmeBogopogn cocraBa C;,) u or —5 no —10° (yrueBoyoposbi cocraBa 
C3,). Ogquako 1,1-quuuKNOreKcusOMeKaH MOCMe NOYFOMOBOFO CTOAHHA HeOKU- 
WaHHO 3aKPHCTaJJIM30BaJICA IpH KOMHATHOH TemmMepaty pe (T. mI.+27°). Henp3a 
MCKJIOUHTh BOSMOXKHOCTH KPHCTaswH3aHH HU Apyrux YveBosoposoB, TO 
3aCTABIAeT HAC OCTOPOXHO MOAXOANTh K OWCHKE CTEKJIOBAHHA TeX HIM HHBIX 
cTpyKtyp. Bonpoc 9Tor 6yJeT yTOUHEH HaMH B JlaJIbHeH Lem. 
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Jloxuaygp AkafwemMuu Hayk cccP 
1958. Tom 120, Ne 3 


E. A. CMHPHOB 


O ABJIEHHAX LBETHOCTH y JMALWMJIbHbIX NPOW3SBOAHbIX 
n-AMUHO®PEHOJA 


(IIpedcmaeaeno axademuxom B. A. Kasanckum 2295S) 


B npegpinymx cooOujenuax (*) Hamu ObWIO NOKasaHO, YTO MIpH HaJiMuu 
B COCNMHEHHM JBYX PasHbIX SeKTPOHOROHOpHHIx cucrem * (AK u A’K) ogHo- 
BPeMeHHO C SJIeKTPOHOHILHOM cucTemoli ** (BK), He CBA3aHHOM C MepBbIMHt 
IeMbiO COMPAXKeHHBIX JBOMHbIX CBAZEM, 9TO COCTMHEHHC MOXKET ObITh HHOr]ak 
NoyUeHO B Bue [BYX pa3M4HO OKpallleHHbIx (opm. CyujecTBOBaHue Mocer~ 
HUX ObIIO OObACHEHO TEM, UTO HEMOCPEACTBEHHOE BSAHMOMeHCTBHE FIEKTPOHO~ 
(pHIbHOM M 9JIEKTPOHOJOHOPHOH CHCTEM C MOMOL[bIO 9KSOMOJICKYAPHBEIX CHU (7), 
KOTOPOe ABJIACTCA OCHOBHEIM (PakKTOPOM, OOYCJIOBJIMBAaIOULHM OKPacky «COeAHHE- 
HHli C OTJeIeHHBIMH XpoMOOpHbIMM CHCTeMaMH»>”***, B 9TOM CJlyuae MOXKET 
OCYINCCTBIATbCA JBOAKO: HOO SIeEKTPOHOPUIbHad CHCTeMa B3aHMOJIeHCTBY er 
C 91eKTPOHOMOHOpHO cucremolt AK, auG6o c cucremoit A’K. 

B HacToslem CooOMleHHH paCCMaTPUBalwTCA COeMHEHHA, NOCTPOCHHbIe MO 
runam I u Il. B srux coequHeHuAax dIEKTPOHOUIbHOH cucremol (BK) aBua- 
erca allu 4-HuTpoOex30iHol umn 3,5-quHuTpoOeHsolHOH KucuOTH! (RCO), 
3JIeKTpOHOLOHOpHOH cucremoli AK — mouexysa n-amuHodeHoua (qHallw1upo- 
BaHHas), 3IeKTpOHOJOHOpHO cuctemo A’ K — alu TpuMeTHITaWIOBOK KUC- 
notbi {R’CO). 
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V3 ra61. 1 moxkHO BUeTb, UTO MOUTH BCe [MallHJIbHbIe MPOH3BOAHbIe N-aMu- 
Hodbenoula (3a ucKoUeHHem Ne 2), conepxxaune cuctemy A’K, oOpasytor no 7Be 
OKpallleHHble (PopMbI: Ca6ooKpalleHHy10 OeHO-2xKeITYyIO copmy (a) H COomee 
ruty6okO OKpallleHHyt0 2%XeTyIo d@opmy (6). Oe dopmbl moryT MpeBpalllaTbce# 
OfHa B Apyryto NyTeM KPHCTaJIM3allMM U3 PasHbIX pacTBOpuTeeH (CM. SKCTIe- 
PHMeHTaJIbHYIO UaCTb), NPHYeM HHOFa 9TO MpeBpalleHHe MPOWCXOMT BeCbMa 
HaruagHo. Tak, Hallpumep, BbIJeeHHad u3 alleToHa OvleqHO-xKeITad opmMa 
coenuHeHna (Ne 4) yxxe mpu mpocTol oOpaboTKe ee CMUPTOM 3aMeTHO XKeuITee’r; 
6eqHO-%KeITaA dbopma coequHeHHA (Ne 6) HauMHaeT 2%KeJITeETb, HAXOACh eule 
B MaTOUHOM alleTOHOBOM pacTBope. Y coeqMHeHMH, He COepKalllux BWIeKTPO- 
HOMOHOpHOK cucTemb! A’K, Hu B OZHOM cCuIy¥ae He YalOCb MOVANT JBYX pa3- 
JMYHO OKpalleHHbIxX opm. Orcioya MOXKHO ClelaTb BbIBOA, YTO BO3MOXKHOCTb 
CyleCTBOBaHUA PaCCMaTPUBaeMbIX COeMHEHUM B Bue Ooslee TIyOOKO OK pallleH- 
HOH (opMb! CBA3aHa C HaJiMuMeM B HUX CucTembl A’K. Ora cucrema colepxnuT 
tpH OCH3-rpynnbl, JIeKTPOHOJOHOpHOe eHCTBHe KOTOPBIX OCIaOJIeHO HaJIE- 
yveM B Heit rpymmpiCO. Holrak kak eK TpOHOduIbHOe el cTBHe NOcesHeH B 3Ha- 


* OueKTPOHOMOHOpHaA cHcTeMa — KOHBIOrHpOBaHHad Welb JBOMHbIX CBA3CH Cc NpHcoesu: 
HeHHOM K Hell 9/1eKTpOHOAOHOpHOK rpymmok (NH»s, OH u gp.). 
ie KonbiorapopaHiad Web JBOMHBIX CBA8CH C NPpHCoeMHEHHOH Kk Hel STeEKTPOHO*UIbHOL 
rpynnoi (CO, NOg u gp.). 
% é 
VWnbimu cOBaMH, COeKMHeHHM, y KOTOPHIX 9eEKTPOHOUMbHaA MU ZJIEKTPOHOMOHOpHasS 
CHCTeMEI He COC MHEHEI MexKy coOoH CoOMmpsxKeCHHbIMH JBOMHEIMA CBA3AMH. 
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AD Eiloy nego) 41 


Okpacka ,HalMsbHEIX MpoHsBOAHEIX n-aMuHoOpenouia 


IlpeT BemlecTBa 
fs B KpHCcTaJax 
i Popmyaa coequHeHua 
3 copa (a) eee 
1 ON = CONH— Oe _ >=0co—¢ * 3@JICHOBATBIIi — 
OCHs3 
a) Oo.N—Z ae ON Hee ao ea NS clerKa 
pat pl \ ER ai, NC Pods 3€JICHOBATHIIi Re 
| OCH, 
2s 
3 N= CONEE ian he: Doren 6J1€ LHO-2Ke.I- 
ees I x ei OCO—< ~ mes == 
ON 
XN /OCHs 
4 eR AN 6! 5 2 aS ar EN APKO- 
ead ey beg aa Sle Z KEITEL 
O2N OCH3 
| O.N—C NS yas i 3eJICHOBATO- a 
| NC >-CO0—K—nHco-< laa as 
ie 
6 a eee ile hed a 6neqHO-xKe.- ApKo- 
bah Ue BOOs NE MOATy eel SS nl Pods Thi KEITH: 
| \ocu 
3 
ae ne 
7 7 aay ea oy NS 3e JIC HOBATO- w. 
ae oe ~ Wa NHCO 4 Vo 2KEJITOBATEIt 
ON 
O2Nv OCHs 
8 GE >—c00— Ps HCO—< oon OneRHO KEN | scenTEth 
O.N% NOCHs 


IMTeJIbHOH Mepe MOJaBsIeHO IpHCoeMHeHHOH K Heli NH- unu OH-rpynmnoi, To- 
JIMAHHe €€ Ha 3JIEKTPOHOJOHOPHbIe CBolicTBa cucTembl A’K jou2xKHO ObITb He- 
ObwIHM. [lostToMy MOxHO CuHTAaTb, uTO cuctema A’K saBsserca Oomee CHIbHOM 
JIEKTPOHOJOHOpPHOH cuctemoH, uem AK, u6o B mocegqHeH JOHOPHbIe CBOLCTBA 
‘aK AMHHO-, TaK HW OKCHIpyIMbI B 3HaUNTeJIbHOM CTeEMeHH NOMaBJIeHbI MpUcoeyu- 
(CHHbIMH K HUM rpynmamu CO. Jlamee HeoOxo,uMO UMeTb B BURLY, YTO CucTema 
\’ K He KOH BIOrMpoBana ¢ cuctemoii BK, a noromy B3anmojelicrBue 9THX CHCTeM, 

OyCOBIMBalollee Ooulee rty6oKy10 OKpacky (popmb! (6), MOXeT OCYIMECTBIATbCA 
MUIb C MOMOI[bIO SK3OMOJICKYJIAPHbIX CHU. 

Hasmune oKpackKu, XOTA u Gosee Cabo, y CoequHeHHii, MMEIOUIMX JIMLUIb 
WHY 2JIeEKTPOHOAOHOpHyto cuctemy AK, ropopur o Tom, uto cucrema BK moxer 
3aMMOJleHCTBOBaTb uc cucremoh AK. Y coegqunenui tuna | noqo6Had Bos- 
[(OMHOCTL TEM Ooslee BEPOATHA, YTO 3eCb ITO B3AMMOeHCTBHE MOXKeT OCYLIe- 
TBJIATbCA HE TOJIbKO C MOMOL[bIO IKSOMOJIEKYJIA PHBIX CHI, HO B KaKOM-TO Mepe 
110 WeMH COMNPAXKeHHbIX JIBOHHbIX CBA3eH, OOpasyrollelicn BCIeXCTBHe TayTo- 
lepu3auuuH rpynmbr CONH (?). Cxogcrso oKkpackH cCOeMHeEHHH, MMerIOULMXx 
WHY 2s1eKTpOHOMOHOpHy1o cuctemy (AK), c okpacKol coeqHHeHHH, MMeroUlHx 
6e 2JIEKTPOHOJOHOPHble CHCTeMbI, aeT OCHOBaHHe CUHTATb, YTO OKPacka 
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cla60O0K pallleHHOH (pOpMbI MOCIeTHUX OOYCJIOBJIMBaeTCA Tak2Ke B3AMMOeHCTBHe? 
mMexiy cucremami BK u AK, np HapylleHun B3anMojelicrBua Mmexyy BE 
u A’K. | 

Jlaslee HHTepeCHO OTMETHTb, YTO MOUTH BO BCeX CJIyYaAX CIAa6OOK paLleHHbL 
(POPMbI COeAMHEHHH, COMeprxKallUxX alluJI OeH30MHOM KUCJIOTHI, OKPalleHbl H 
CKOJIbKO Tuly62Ke, YM COOTBETCTBYIOULHe COeIMHEHHA, COepxallve alu TP 
MeTHJIFaJIJIOBOH KUCJIOTbI, YTO OCOOCHHO 3aMeTHO y COoesquHeHHH Tuna II. 

ComocraBuleHHe OKpackH coequHeHUuH TuNa I u II noKa3bIBaer, YTO MOCJe 
He, KaK [paBMlO, OKpallleHbl HeECKOJIbKO rvlyOxKe, vem MepBble. OObaAcHeHH 
S9TOMY MOXKHO HaliTH, eCJIM HCXOJUTb H3 aHaJIM3a OTHOCHTEJIbHOH «CHJIbIy B3aHM 
WeHCTBYIONHX CHCTeM B TOM MH pyrom curyuae. Cucrema BK cubuHee y coex 
HeHHu Tuna I, noromy uro OH-rpynna ocamabOs1aer 3IEKTPOHOUJIbBHbIe CBOHMCTB 
rpynnst CO B MeHbleH creneHu, vem aMuHorpymma. Ilo Toh »*xe upHunHe Oom 
CHJIbHOH y coequHeHHH Tuna Il oKa3biBaerca uw cucrema A’K. Cucremp A 
coequHeHuu Tura I ull cyujecrBeHHO He OTJIMUAaIOTCA NO CHe. 


OQKCNePHUMECHTAAbHAA YACTS. 


N-[4HutTpoOeH30H MJ-O6eCH30HA-N-amMuHOdenroO. (tabu. I 

Ne 1). Cmecb N- [4-HurpoGex30n]-n-amunoderosa (*) (1 momb) Hu xmopucror 

OeH30nJa (4 MOJIH), PAaCTBOPeHHad B HUTPOGeH3OVe, HarpeBaslacbh Nomuaca WoUT 

ho kunenus. Ilpoqykr peaktluM Obl NepeKpUCTaJIM30BaH M3 MMpHyMHa. 3¢ 

-JI@HOBATbIe YelllyHuaTble KPUCTaJIbI C T. MI. 276—277° ,rpyqHO pacTBOpHMy 

B OObIYHBIX OPraHHYeCKUX PaCTBOPUTeIAX, CPaBHUTEIbHO eTKO — B MMpUulUHE 

HatizeHo %: N 7,77 

Cy9Hy405No. Beruncsieno %: N 7,76 

N-[4HutTpo6eu30u 4] -0O-[3,4,5-7 pumMeTOKCHOeCH3 ONG] - 

aMHUHOMeHO. (ra6n. 1, Ne 2). 

Tloayyasca, Kak mpegpiyumli. Mepexpucrasiu30BaH 43 NMpHMHa, a sare 

43 CMeCH NMpHMHa MW MeTaHouia (1 : 1). Crerka 3eeHOBaTble KPHCTaJVJIbI CT. Ti. 

246—247°, JOBONbHO JerKO paCTBOPUMbIe B MUPHLHHe, Tpy Hee — B alleTor 
HW AUXNOpstane, TpyHO — B cmuprTe. 

Hatigeno %: N 6,15 

CygH2,O0gNe. Bpruncneno %: N 6,20 


Halineno %: N 10,43 

C29HigO7Ns. Boruncuieno %: N 10,32 

N-[3,5,-. 4H UTpPOOeH3ON J]-O-[-3,4,5-T pHuMeTOKCHOeCH3O0HA 
WaMuHOmenHOoa (ra6n. 1, Ne 4). Dror u nocaexyroulue mpenaparTbl nosy4 
JHCb aHaslOrHyHO Mpebilyinemy. [lepekpucra1v30BaH Ba pasa v3 allerou 
BuleqHO-2KeITbe MPH3mMaTHyecKHe KPUCTadbI Cc T. mI. 218—219°. IIpu o6p 
OoTKe CHMPTOM NpellapaT *KeJTeeT HM W3 CUMPTOBOFO PaCTBOPa BbIeAeTCA B BUL 
‘OKpallleHHOH B APKO-2XKeJITHIN WBeT POPMbI C TOH 2e TemMepaTy poll MaBeHH 
OueHb Xopollo xeyITaa (bopMa BbIeAeTCA 3 AUXJIOpITaHa — B Bue pom6 
yeCKHX KpuctTamioB. IIpu nepekpucraiu3alun u3 allerouHa wi TOYONa K 
Tai (opMa BHOBb MpeBpaliaerca B OleqHO-x*eTy10. TlocneqHad Mp xXpaHeHHl 


xelTeer. OOe POpMbI JlerKO pacTBOPHMbI B alleroHe u UXJIOPSTaHe, JOBOUIb 
WerKO B TONyOe, TpyqHee B cmupTe. 


@opma (a). Hatigzeno %: N_ 8,48 
Cy3Hy901)N3. Berancsieno %: N 8,45 
®opma (6). Hatiqeno %: N 8,37 
CogHygOi9N3. Baruncseno %: N 8,45 
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| N-6en30un1-O-(4H uTpo6eH30uaI-n-aM HOoOdmdeuoa(ta6u. |, 
Ne 5). Mcxogunie BelllecrBa :N-OeH30nJI-N-aMHHOeHO Hi N-HUTPOGeEH3OMIXJOPHL. 
ee pa3a 43 MHpHAMHAa. SeleHOBaTO-xKeJTble KPHCTaJVIbI 
27. MW. » TPYQHO PacTBOPHME! B OObIUHbIX OPraHuyecKUX PacTBOpHTe- 
MAX, CPaBHUTeIbHO JIerKO — B THpHANHe. 
Hatiqeno %: N 7,75 
| CyoHisO5Ne. Beruucneno %: N 7,76 
| N-[3,4,5-r pumMeToKkcu6eH304H uj)-O- [4-HutTpo6en30u ]-n- 
amuHodenon (rad. 1, Ne 6). Ucxognpie BeuectBa: N-rpHmerokcn6eH30MI-/- 
aMHHOeHO HM N-HUTPOOeHsoONIXIOpUA. [lepekpucrasu30BaH H3 alleToHa UM 3a- 
TeM H3 coupTa. Apko-2%xKe/ITOro UBeTa KpuCcTadbl ¢ T. mI. 218,5—219,5°. Us 
Muxsopstana, a elle JIyullle H3 CMeCH JMXJIOp3TaHa C GeH3OJIOM, BbIeAeTCA 
OLE NHO-2KeNTAA (popMa B BHJe TOHKOBOJIOKHUCTHIX KPHCTAaJWJIOB C TOL 2Ke Temme- 
paTypoH nwaBjenua. 
@opma (a). Halingeno %: N_ 6,28 
CysHo)OgNe. Boruncnieno %: N 6,20 
@opma (6). Haligeno %: N 6,34 
Cyg3H2,OgNe. Boruncieno: %: N 6,20 
NGensoua-O- [(3,5-7HHuUTpPOOeH3O0NAl-n-amMuHOdeHON 
(ra6.11. 1, Ne 7). Ucxogupie BemectBa: N-Gex30nu-n-amunodexou wu 3,5-2HHUTpO- 
Oens0nixsopuy. [lepexpucratmu30BaH H3 alleToHa. 3eeHOBaTO-2KesTOBATHIe 
TaOJIMUKH C T. MW. 222—223°, nerko pacTBOpHMbI B NHPHAMHe, JOBOMbHO serKO 
B alleToHe, TpyJHee B WUXNOpsTaHe uM TOMyOMe, TPyIHO — B CHMpTe. 
Hatigeno %: N 10,39 
Cy9Hig07N3. Briuucuieno %: N 10,32 
N-[3,4,5-r pumMeTokxcu6eu 30una]-O-[3,5-2H4HUTPO6GeH30HMI- 
f-aMuHogmeuouw (rads. 1, Ne 8). Ucxogupie BemectBa: N-rpHmeroKcu6eH- 
30HJI-N-aMHHOeHoO Hu 3,5-7HHUTPOSeH30NIXJOpHA. Uactb mposyKta Obiia Me- 
PeKPHCTAaIM380BaHa M3 alleTOHa, Apyrax yvacTb W3 CHUpTa U 3aTeM 3 [uXxJOp- 
aTaua. 113 alleroHa BbIJeUJacb KelTaa opma cv. ma. 211—211,5°, u3 quxanop- 
3TaHa — OJIeMHO-2Ke/ITaA, B BUe WEIKOBUCTHIX KPHCTaJVJIOB C TOM Ke TemMepa- 
TypoH naapienua. IIpu Kpuctratiu3saluu v3 WuxJQpsTaHa HeOOXOAUMO jlaTb 
COOTBETCTBYIONLYIO 3aTpaBKy (OJIeEHO-2%KeJITY1O), HHaye BbIJeAeTCA CMeCb OOeHX 
dopm, uHOra — TObKO xesTad. [locueqHAA XOPOWO NoWy4aeTcA U3 YKCYCHOH 
KUCJIOTHI. O6e POPMbI AOBOJIbHO JlerKO PaCTBOPHMbI B WMXMOpsTaHe H alleTOoHe, 
TpyHee B TOyOue HM cmuprTe. 
@opma (a). Hatizeno %: N 
Co3Hy9O19N3. Borunceno %: N 
®Dopma (6). Hatyeno %: N 
CogHygO19N3. Boruncueno %: N 


N-[3,4,5-T puMeTOKCHOeCH30HA]-r-amuHogdenoa. Monyuan- 
CA aHaJIOTHYHO HHTPOOeH3OMJIbHbIM MPOW3BOHbIM f-amuHodenoua (°). Tlepe- 
KPHCTaJIM30BaH Ba pasa v3 pa3sOaBJleHHOrO CuuptTa. PomOuyeckue KpHCTaJIbI 
eT. nm. 231,5—232,5°, merko pacTBOpHMbI B alleTOHe, CiupTe HW OeH30uIe, 3HAH- 
TeJIbHO TPYHee — B BOJe. 
Haitigeno %: N 4,79 
CisHi,0;N. Beruucneno %: N 4,62 


Mockosckuii Hedpranoli uncrutyr um. VW. M. Ty6xuna Hocrynuno 
Axayemuu Hayk CCCP 22 I 1958 
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Jloxaagnp Axagemun nayr CCCP 
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Unen-koppecnonzent AH CCCP H. WH. UIYAKMH u HU. ®. BEJIbCKHA 


V30MEPH3AWUA y-OKHCEH (TETPATH],PO0®YPAHOB) 
B AJIM@ATHYECKNME KAPBOHMJIbHbIE COEAMHEHMA 


PasHooOpa3Hble XHMMYeCKHe MpeBPallleHHA OKHCeH aJIKWJICHOB CBA3aHE 
C JIerKO MpOTeKalOlWHMM PaCKPbITHeM %-OKHCHOTO IWHKJIa NOW JeHCTBMeM pa3JIHy} 
HbIX areHToB. K unculy XOpOWO HW3yYeHHbIX peakWH B pAy «-oKHCeH OTHO! 
CHTCA peaKILMA V3OMePH3allH UX B amucbaTM4ecKNe KapOOHHJIbHble COeCAHHEHHA | 
Sra peaKUWA MpoucxoAMT mpu HarpeBanuu 0 300—500° uu mpu Gomee HU3KHN 
TemilepaTypaxX B IPpHCyTCTBHH KaTaJIM3aTOPOB (OKHCb aJIIOMHHUA, ocdopHa 
KucoTa, (ocaTbl MeTaJIJIOB, CHJIMKAaTbI HM JIp.). Hy 

HecuMMeTpH4Hble &-OKHCH, HMeIOUMe OHH WIM YBa aJIKHJIbHbIX 3aMeCTH4 
TeJIA TPH OHOM YIvIepOXHOM aTOMe IMKJIa (OKHCb TpomMeHa, OKHCb H300YTH- 
JleHa), H3OMePHSYIOTCA C PaCKPbITHeEM LWUKAa IPCHMYLWeECTBeEHHO 0 CBA3H, Coe 
HAIOWeH aTOM KHCIOpOa C TEM YIJIeCPpOXHbIM aTOMOM, IIPH KOTOPOM MMeIOTC 
3aMeCTHTeEJIH, YUTO MPHBOMT K OOPas0BaHHIo aJbAeruoB (1): 
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Jo HacTrosimero BpeMeHH aHaJlOrMuHaA peaklMA W30MepH3allMH B pA 
y-okucel (rerparuzpodypanos) He Obla usBecTHa. Katamu3aTopbl, HanOoued 
aKTUBHble B peakI\MH W3OMepH3allHM %-OKNCeH, MPOBOAAT B CIy4uae TeTparuspo) 
cbypaHa H ero TOMOJIOrOB peakI{HIO ernypaTaluu Cc OOpas0BaHHeM JIHCHOBbIX 
M apOMaTHYecKHX YrvieBoqopogoB. Tak, HampuMep, OblI0 MOKa3aHO, 4TO TeTpa+ 
THAPOCH/IbBaH B KOHTaKTe C Al,O3, TiO,-Al,O3, doctbarom auIOMHHUA, CMecbEA 
cbocopHoH uM OopHOH KUuCJIOT NpeTepneBaeT B MapoBoH case Meru paTalluio EF 
nunepuien (°°). Ilopeqenue tTerparuzpodypava MH HeKOTOPHIX ero MIpoH3BOL, 
HbIX (TeTparHApocwIbBaHa, TeTparHsApodypusoBoro cmupta) UCC yeqOBasIOCH 
Tak2Ke B YCJIOBHAX KaTaJIMNTHYeCKOFO THAPHPOBaHHA C IeJIbIO BbINCHCHHA MeXa- 
HH3Ma PHAporenousa (pypaHoBoro Wuksa. Bpwio HaliqeHo, UTO Ha WWwiaTHHOBOM 
KaTaJIW3aTOpe B 2KUAKOM case Terparuspody pav u TerparnzpodypHOBbIA cnupT 
He MOBepralorcd HHKaKHM H3MeHeHHAM (°). | 

Mobi uccyleqoBaM MpeBpalleHua Terparuypodbypava u ero «-3aMelleHHbIX! 
POMOJIOFOB Ha IJlaTHHUPOBaHHOM yrvie B MapoBoli dase mpu 230—250° u Haun, 
4TO B STHX YCOBMAX TeTparuApody pak u ero TOMOMOTH U3OMEPH3YIOTCA C pac- 
KpbITHeM WuKa 10 C — O-cBa35iM B aludarMueckue KapOOHHJIbHble CoemMHeHUA. 

Hsomepu3allua &-aslkuJITeTparuypody panos C pacKpbITHeM UMKla omwx«KHA 
MpHBeCTH B OOMeM CJITyyae K OOPas0BaHHlO aJlblerusa WIM KeTOHA B 3aBHCH- 
MOCTH OT TOPO, KaKkaa 43 AByx C — O-cBa3eH mo_Bepruerca pacueneHuto: 


Pa3puo ceasn 1-2 


ie) 
vies R—CH,CH,CH,C& 
we 
5X, 2 R Paspue ceasn 1-5 
“0 Swigtaoe 
p b y.. 


EXUHCTBeEHHbIM IIpOAYKTOM H30MepHsalluu TeTparHApodypaka JOsKeH ObITh 
-MaCIAHbIH aibqeruy. OHakO B yYCOBHAX MpOBeeHUA PeakILHH H3OMepH3alluH 
MW CaM TeTparuApodypaH, HH eFo &-3aMelleHHble TOMOJIOrM He aBasu WpakTH- 
€CKH 3aMETHBIX KOJIMUeCTB allbleruyos. Terparuypodypank na mWwiaTHHupoBaH- 
OM yrvle pu 250° qaBam CMecb OKHCH yrvlepofa H MponaHa; u3 Terparuypocwb- 
aHa, %-9THJI- HM &-MponusTerparuypotypaka B 9THX Ke yCOBUAX B KauecTBe 
CHOBHBIX NPOAYKTOB PpeaKIHH NOMYUaHCb COOTBETCTBYIOULMe KETOHDI, a TaK?2Ke 
-3HAUHTeJIbHO MCHbIUeM KOJIMYeCTBE OKHCb Yrulepoa HW COOTBETCTBEHHO A-OyTaH, 
-MeHTaH M A-rekcaH. O6OpasoBanne u3 TerparuypodbypanoB oOKUCH yrulepoya 
| MapaHHOBbIX Y'IeEBOAOPONOB ABIIAeTCA CIECTBHeM BTOPHYHOH peak eKap- 
OHWIMPOBaHHA aJIbAeruOB, MOyuarouluxca B pesyJbTaTe H38OMepH3allMH: 


O 


ke 
R — CH2CH2CH2C ——+ R.— CH,CH.CH, + CO: 


AS 
H 


JleHcCTBUTeIbHO, aJIbJerubl BECbMa JerkKO JekapOOHHJMPYIOTCA Ha MaTHHH- 
OBaHHOM Yule B MapoOBolk (ase B COOTBeTCTBYIOWNMe YruieBoopoypl. Tak, Hamu 
ali JeHO, UTO Ip MponyckKaHHH rentaHouwa-! nan Pt — C npn 250° B orcytcerBue 
OOpofa OOpasyioTcA BMeCTO aJIbervya H-reKCaH HM OKHCb yraepoga. B astux 
<e YCJIOBHAX OeH3aJIberHA UW OeH3HJIOBbIM CMUPT MpeBpaliaiorca B OeH30I 

TakKuM 00pa30M, OTHOCHTeJIbHbIe KOJIMYeCTBA K€TOHOB HM aJIKaHOB, MoJslyualo- 
JMXCA IPH MpeBpallleHHAX &-aJIKHITeTPparHApodypaHoB, MOKa3bIBaloT, B KakO 
TeNeHH MPOHCXOUT paclileneHHe CooTBeTCTBeHHO C — O-cpa3eh 1—5Su 1—2 
PH u30MepH3allHH yY-OKHCHOTO KObila. B pe3yJIbTaTe MPOBeCHHbIX OMbITOB 
aHleHO, YTO &-aJIKHMJITeTparulpodypaHvbl, MMerollMe B GOKOBOHM Wen MeTHJIb- 
iO, 9THJIbHY!O HW MpPOMMIbHYy!O rpynmMbl, u30mepH3yroTrca Ha Pt — C raaBHbim 
Opa3om B alMdbaTHyeckHe KeTOHEI! C BbIXOJOM 90—95%, cuuTad Ha MpeBpallex- 
BI %-alkusITeTparupodypaH; H30MepH3allHA Y-OKMCH B aJibderujl C pacKpbI- 
vem WHukla mo C —O-cpa3u 1—2, coceqHeH Cc aJIKHJIbHbIM PpalHKaJIOM, Npoxo- 
MT B He3sHayHTebHOH creneHu (5—10%). 

PeakiuA W30MepH3allHH aJIKWJITeTparusApodypaHoB B asludaTMueckHe Kap- 
OHWJIbHbIe COCIMHEHHA HeOOpaTuMa, Tak KaK BO3MO%XKHO MOJIHOCTbIO MpeBpa- 
HTb UCXOJIHYIO {-OKHCb B COOTBETCTBYIOWIMH KeETOH M yrueBomopoy. Tak, mocue 
BYKpaTHOrO MponyckaHUA TerparuApocubBaHa Hay Pt — C npn 250° c o6bem- 
Ol cKopoctsio 0,1 vac} xKHAKUM KaTalusaT COfepKal CMech MpHOMUSUTEIbHO 
ABHBIX KOJIMYeCTB MeHTaHOHa-2 UM HelpeBpallleHHOrO TerparMApocubBana. 
-OTurerparuspopypaH, MponyuleHHbId Hal TeM Ke KaTasIH3aTOpOM C TaKOH 
<@ OOBEMHOM CKOPOCTbIO, HO MOCeLOBaTeIbHO YeTbIpe pasa, Jat 95% reKca- 
OHa-3 H JIMWb OKoIO 5% A-MeHTaHa. EcuiM u380MepHsallHa Y-OKHCeH NPOBOANTCA 
TOKE BOLOpOsa, TO B 9TOM C/ly4ae Ha MaTHHUPOBaHHOM YIsle MpoTeKaer BTO- 
MYHaA peakIMA PHpHpoBaHHA OOPasVIOWMXCA KapOOHWJIbHbIX COeAMHeHHH B 
OOTBETCTBYIOUHe CnupTbl. Tak, MpH upoBesxenuu Ha Pt —C TeTparugpody pana 
-emecu Cc BOsoposom mpu 240° nomyyaerca %KUAKMK KaTalM3aT, Cosep»xKalni, 
apsaly C HEH3MeHeHHBIM Terparuypody pakom, OKoO 20% x-GyTumoBoro cmup- 
a, B TO BPeMA Kak B 3THX 2Ke YCIOBHAX, HO B OTCYTCTBHe BOMOpoa, TeTparHy- 
obypaH OOpa3yer TObKO CMeCb ras00Opa3HbIX MPOAYKTOB — Uponawa 4 OKH- 
M yrulepoya. Qtu MmpeBpallleHHA MOXKHO BbIPa3sHTb CJleLytolleh CXeMOH: 


CH,CH,CH, + CO 
Pt-C ype 
ae CHyCHACH/CO i 
: H 2 CH,CH,CH,CH,OH 


a-IIponusterparugpodypak, MpomyuleHHbIM B TOKe BOMOpofa Hak Pt —C 
pu 235—240° c o6bemHolt ckopocrsy 0,1 ¥acé*, MaJl CMeCb remTaHoua-4 u rem- 
aHoula-4 C BbIXOMaMH COOTBeTCTBeEHHO 78 4 18%, cuuTad Ha MpeBpalleHHbii 


-IpomMurerparuypodypan, WH HeMHOrO H-TeKCaHa. 
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Jl CpaBHeHHA MbI MpPOBeJIH H380MePH3al\HIo OKHCH MpPOMMJIeHa B TeX 2 
YCOBUAX, IPH KOTOPbIX MPOBOMMMAaCh W3OMepHsalluA aKMITeTparHApody ps 
HoB. Konpepcua 3a OHH MpOxog c OObeMHOHM cKOpocTbio 0,1 uac7* cocraB As 
oKxon0 30—40%. S7ro moKa3bIBaeT, UTO %-OKHCHOe KOJbILO Ha Pt — C nsomep] 
3yeTCA B KapOOHHWJIbHbIe COC#AMHEHHA HeCKOJIbKO Jlerue, YeM Y-OKHCHOe. OOpe 
30BaHHe ra3000pa3HbIX MPORYKTOB ObIWIO ropa3sqo Goslee SHAUHTEJIbHbIM, UeM Ip 
H30MepH3alluu aJlKWITerparumpodypaHos. 7KuyKuH KaTaJlv3aT, KPpOMe HelIpe 
BpalleHHOH OKUCH Mponusena, Comepxan alleroH (95%) uw MpOMMOHOBHIM adi 
nerug (4%), CuuTad Ha MpeBpallleHHy!0 %-OKHCb. OTH Pe3YMbTATh! MOKa3bIBAaI0) 
YTO NWIaTHHHPOBaHHbIi YrOuIb B OONbILeH CTeMeHU, YeM ApyrHve KaTalusaTophl (+ 
cmocoOcTByeT H3OMepv3alluH HeECHMMETPHUHbIX &-OKMCeH B allMdaTuyeckHe Ké 
TOHDI. 


IKcNuepHMe€HTANbBHAH YACTH 


Mecxomube BemectTsBa. Uucrsm TerparumpodypaH BbiyemAscA §F 
TEXHHYeCKOFO TpOkykTa pa3sroHkoH Ha 9PeKTHBHOM KOJIOHKe B IIPHCYTCTB 
Hatpua. «-Merni-, «-9THJI- HM %-lponnitrerparugzpodpypanbl nNoyuasuch rHypt 


TaoOauna 1 
CsolicTBa TeTparHApopypavHa uw ero romosoroB 
20 20 
Terparugpody panbl 1 Kune, SCM ypm. cn. di, Tiny 
Terparuspodypax 65—66° /750 0, 8886 | 1,4070 
TetparupocuuJibBaH 79—79 ,2°/750 | 0,8582 | 41,4060 
a-OTHITeTparupzpo- 106 ,5—107° /742 |0,8506 | 1,4163 
(pypan 
a-IIponusrerparuy- 134 ,8—132 ,9° / 750) 0.8562 | 41,4232 
pody pax 


POBaHHeM COOTBETCTBYIOULUX aJIKHJICpypaHOB Ha MaJJIalMpOBaHHOM YIule B Mat 
Bol (base mpu 130—150°. Csolicrsa rerparufspodpypava um ero Tomomoros mpe 
CTaBJIeHbI B Ta6s. 1. 
Kataaus3artop. Ilnarunupopannpl yromb, comepxamul 15% nar! 
Hbl, TOTOBHJICA MPOMMTbIBAHHEM AKTHBHPOBaHHOTO YIvIA PaCTBOPOM MWaTHH! 
XJIOPHCTOBOAOPORHOH KUCJIOTLI HM Ti 
TaOauna 2 CJICRYIONNMM BOCCTaHOBJICHHeM ero. 
CgolicrBa npoxykTos us0Mepusaunn y-oKucet CTCKJIAHHOM TpyOKe npn 250—300 
PeakKuHwA H30MeDH3) 


_ 


1H UM Y-OKHCeH MpoOBOMIAach B nt 

TMpogyxrer nie Ge 20 n2  poBolt (base pu 235—250". B Kay 
ODO OE PTs cr. Abii ONbIT 6pasocb no 50 r BemrecTB: 
KOTOPOe IpouycKaNocb Haj KatTawJl 

anon! 1146 —117 |0,8186|1,4004 3@TOPOM B CMECH C BOZOPOTOM Huy 
Tenranon-2 101 —102 |0,8081]1,3905 6e3 Hero c OObeMHOH cKOpocT 
Yexcanou-3 123 —124 |0,8169|}1,4006 0,1 uac.-?. Boicymennpie katamu3a 
Tenranon-4 142,5—143 |0,8176/1,4085  nonBepramuch pa3roHKe Ha KOJIOHE 
Tentanou-4 153 —155 |0,8213|1,4198 fo P 


adpextuByocthio 40 tr. tT. Tasoot 
PasHble MIpOAYKTbI peaKIMH ana 
SUPOBaIMCb B ammapate Opca — JlyHre Ha CoepxkaHue B HUX OKHCH yrulepo} 
HM B xpomatepmorpade, rye OMpexeAHCh COCTaB UM COJeprKaHuve MpeyenbHy 
yr IeEBOLOPONOB. | 

CBolicTBa NpOAYKTOB, NOMYYeHHLIX TPH H3OMepu3alLH Y-OKUCeli B TIpucy) 
CTBHH BOROpOfa HIM Oe3 Hero, NPescTaBseHbI B Tau. 2. } 

Busou. | Ycranosseno, uro y-oKucHoe (Trerparugpoy panoBpoe) Komi 
10 CHOCOOHO H30MepH3OBaTbCH B TapoBolt chase Ha MWaTHHUPpOBaHHOM yrure} 
PacileneHHemM WHKJa 10 C — O-cBsi3iM, B pesysbTaTe yero OOpasyiorcs aul 
(barnueckve KapOOHWIbHbIe COeAMHEHHA. | 
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2. [pu Haun B &-NOOKeHUU TeTparuApody panoBoro WuKJa aJIKHJIbHOrO. 
ajlukalla (CH3, C,H;, a-C3;H;) n3somepu3altua {-OKMCH MpOuCXOAUT PlaBHbIM 
6pa3om (Ha 90—95 %) c packpbirHem Wuksa no C — O-cBa3n, HanOoslee yqaseH- 
OH OT OOKOBOTO 3aMeCTHTEJIA, UTO MPHBOLUT K OOPasO0BaHHlO COOTBETCTBY IOMLUX 
JiM@aTHueCKHX KETOHOB. 

3. Asberugbl, O6pasyroulvecsh B HEOOMbILOM KOHYeCTBE IPH H3OMepusallHH 
eTparuypodypaka UH &-asIKUJITeTparulpoy panos C paspbipom no C — O-cBa3n 
—2, MomBepraircaA B YCJIOBHAX peaKUMH MekapOOHUWJIMPOBaHUIO B_ COOT: 
eTCTBYIOULHe TapauHOBble yrvieBOOPOApI. 


Vueruty?T opranueckolt XHMHM Hocrynuso 
um. H. JI. 3enuuckoro 11 I 1958 
Akagemuu XayK CCCP 
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Jloxnagn AKkanwemun wayx CCCP 
1958. Tom 120, Nb 3 
PHBHYECKAA XUMH§ 


B. B. BOHJIAPb u 10. M. MOJTIYKAPOB 


SBJIEHHE 30HOOBPA3SOBAHHS HA JJIEKTPOAX B TIPOLWECCE 
IJEKTPOKPHCTAJIWJIM3AUMH METAJWJIOB 


(ITpedcmaeneno axademuxom A. H. Ppymkunom 4 X 1957) 


Ho6uiu o6napyxXH ABJIeHHe OOpa3s0BaHHA WBeETHDbIX KOJIell MePCKHCH CBHHILé 
Ha 2KeJle3HOM aHOjle IPH IIeEKTPOJH3e PacTBOPa COeH CBHHIa B YCJIOBHAX, KOT TE 
BONH3H aHoa pacnouaraica TOUeUHbI KaToy (1). Pacmpeyesenue TOKa Ha J1eKs 
Tpole WIA STOFO Cyuad ObwIo paccmMoTpeHo Pumanuom (7) a BeGepom (*), KoTO 
pble N0Ka3aJIM, UTO MJIOTHOCTb TOKa C YaJIeHHeM OT IeHTpa MOcTeleHHO Maflae? 
H, B COOTBeETCTBHH C 3THM, JOJIXKHO HaOOaTbcA YMeHbIUeHHe TOJILIMHbI OCalKé 
OT WeHTpa K KpasMm aeKTpoga. Jat TOHKOM MICHKH Takoe paciipelemenHe ocak: 
Ka IIPHBOAWIO K BO3HHKHOBeHMIO HHTepdbepeHUMOHHBIX Kove, HpbroToua. 

Apuur (4) mpirasicad HCCeqOBaTb paCCeHBarOMLy!0 CMOCOOHOCTh IIeCKTPOJIUTOR 
IIpH 3ICEKTPOOCaKTeCHHH MEM B AUeHKe, OIH3KOH M0 CBOeMy XapakTepy K ae 
Ho6unn. Pom ToueuHOrO aIeKTPOa Hpaso OTBepcTHe B MeperoposKe, pase: 
JIAIOWULeH KaTOAHOe H aHOAHOe MpoctrpauctBa. []nocKuH kKaTOX pacnoJaracer 
HaMpOTHB MeperopoxKu Cc OTBeEpCTHeM Ha paccToAHUU OKONO 2 MM. ApHAT Halllea} 
YTO OCAXKH MCW HMMEIOT PAI KOHILEHTPHYECKH PaCIOJIOKEeHHHIX 30H, OTMMUAlO 
WHXCA MO XapakTepy OTPaxkKeHUA CBeTa H MO pasMepaM KpPHCTa0B. OOpasoBa 
He TaKOrO poja 30H APHAT OODACHA, UCXOLA H3 NpelcTaBJIeHHA IpeHMYyLect 
BeHHOrO pocta KPHCTaJVJIOB B HallpaBJICHHH CHJIOBbIX JIMHHH, HMeIOWHX B yCJO 
BHAX Olblfa PasJIMYHbI HaKJIOH K KaTOMy. 

Illemakuy u Muxaues (°*) mbiranuch OObACHUTb 3TO ABJICHHe, KaK H PAL Apy! 
THX Ne@PHORMYeCKHX ABJICHHU, HCHOb3YA yYpaBHeHHe jle-bpouwa Hu paccmMaTpH 
Bad OOpas0BaHHe KOJelL Kak Pe3ysbTaT AucpakIMH MOHOB. 

Hamu mpopogumoch ucceqoBaHue Mpolecca deKTpoocaxKeHHA CiHIaBO 
(Cu — Pb, Cu — Zn, Cu — Bi, Cd — Bi, Cu — Sn), a Take 4McTbIX MeTas 
Jog (Cu, Ni, Co, Zn, Bi u ap.) w aHogHOro pacTBOpeHHA Me B YCJIOBHAX, aHa 
JIOTHYHBIX onbitam ApuHy~tTa *. Bo scex cayyaatx HaOuroqaloch o6pa3s0BaHH4 
YeTKO BbIPaxKeHHbIX KOHICHTPH4YeCKH PaCcMOJIOXKeHHbIX 30H ** (cm. puc. 1)) 
Kak noka3aJld peHTreHorpatbuyeckue HCCICIOBaHHA, OCaNKH CIaBOB B pasJIHu 
HbIX 30HAX OTIMYAJIMCb MexK Ay CoOoK mo tba30BOMy cocTaBy. | 

HepasuomepHoctn pacipeyeieHua TOKa Ha KaToje, oTmeyeHHad PumaHHom: 
O2KHA Oba MPHBECTH K Pa3sJIMUHAM B 3HAYCHHAX MOTeCHILMaJOB B IWeHTpe H Ha 
mepuepun KatToja. Hamu mposogusnoch u3mMepeHHe NOTeHUMala KaTOa B pas} 
JIMYUHBIX ero yuacTKax. Ha puc. 2 mpeycraBaeHbI KPHBble, XapaKTepu3yIOUM 
M3MCHeHHe MOTeHWMadla C YaleHveM OT WeHTpa KaTOJa. 

OcHOBDIBadCbh Ha JaHHbIX 06 HHTepBase MOTeHILMaOB, B KOTOPbIX OOpa30Bbl 
BaJlaCb Ta WIM MHaA (basa, CC MOXKHO ObIIO NOMYINTS B OObIUHOM S/IeEKTPOHsep 
IPH COOMOMCHUH COOTBETCTBYIOUIUX S/IeEKTPOXHMHYCCKUX pexKHMOB. TakHM 06 
Pa30M, BOSHHKHOBEHHE 30H IPH CoocaxKeHHH IBYX MeTaJIJIOB OOYCJIOBIEHO H3Me! 
H€HHEM IWIOTHOCTH TOKa H, COOTBETCTBEHHO, NOTeHIMasia KaTOsa MO HallpaBueH Hit 
OT WeHTpa K Mepuepwu KaTOJa, C KOTOPbIM CBA3QHO H3MeHeHHe COCTaBa OCalK4 


“ ABaeHMe 30H006pasz0BaHUA Ha6sMosanocb BO BCeX CAYYAAX, KOra MMOMaLb o_Horo 
SEKTPONOB Oblla 3HaYHTeMbHO MeHbIUe MMOWaqU Apyroro.PopMma Maworo auleKTpolla onpesemae} 
PoPMy 208. Tak, Rann Mey ecla B Cily4ae KpyrJioro SeKTpOa (OTBEPCTHA) 3OHbI MMCIOT BUI KOVIeLy 
Ege yuae WeM OHH MpescTaBlAaioT coool opamp. Auelka,ucnomb3yeMad B Hallux OMbITaX, HMe 

or B Meperopogke AvaMeTpoM 2,5 MM, KaTom pactonarasica Ha paccroaHuu 3—10 mM 
ae AaKCHMAbHOe YHCMO Kose, HaOwOAaeTcA B TOM Culy¥ae, KOra B WeHTpasbHoli 30H! 

YT MpeAebHbIM TOK JIA HavOonee 2MeKTPOOTPUMAaTeMbHOrO MeTama, | 
502 | 
1 


Puc. 1. 3aBucuMocTb pacnOJIO*KeHuA pasJIM4HbIX 30H Ha 9JIEKTpoze OT 

Q/IEKTPOXHMMYeCKHX YC/IOBHH HX momyueHuA. A —O0,ON Cu(ClO,)e, 

0,9 N Bi(ClOy)s3, 2 N HClO4, | = 300 ma; paccrosnue oT oTBepceTHA 4 MM, 

B —0,05 N Cu(ClO,)2., 0,9 N Bi(ClO4)3, 2N HClOy / —300 ma; pac- 

cTosHwe oT orsBepctua 7 MM, B—O0,6N Cu(ClO4)o, 0,4 N Cu(ClO,)s, 
2N HCI1O,, / = 300 ma; paccrosnue oT oTBepcTuA 4 MM 


OT 4NCTOrO, Oomee OarOpoAHOrO Merassa NO CrivlaBa, COMepxKallero MaKCUMaJIb- 
O BO3MO?KHOe B JlaHHOM 9dJICEKTPOHTe KOVJIH- 
YeCTBO 93JIEKTPOOTPHaTeIbHOrFO KOMMOHEHTA. 
Ha ocnoBaHuu MoulyyeHHoro MaTepuasla MOxK- 
HO CilelaTb IpeAMOMO*ReHHe, UTO Mepexoy oT O]- 
HOH 30HbI K Apyroi coBepliaerca pu crporo 
OMpeeIeHHbIX NMOTeHILHaax. 

Kak BuqHO u3 puc. 1, xapakrep pacnpeyese- 
MA 30H 3aBUCHT Kak OT COCTaBa 3JIeKTPOUINTA, 
Tak H OT pacnpeqeleHHA TOKa Ha MOBepXHOCcTH 
a1eKTpOqa. Takum o6pa3o0m, C NOMOLIbIO AaHHOlt 
AWeCHKH MO2XKHO KOHTPOJIMPOBBTb COCTaB 2VIeCK- 
TpOMHTa MW BbIOMPaTb ONTHMAJIbHbIeC YCuIOBUA 
NIPH SIeKTpOOCaKAeHHH MeTAJWJIOB MH CIHaBoB. 

IIpu sulekTpoocaxKqeHHH UHCTbIX MeTAaJVJIOB 
Tak ke HaOwofaerca OOpas0BaHue 30H. Pentre- 
Horpaduyecknue (ra6. 1), omTruyueckue uM 9uIeK- Puc. 2. Kpuesie pacnpenenenna 
TPOHHOMHK pockonnMyecKhe HCCJIEQOBaHHA MO3BO- MoOTeHi{Maa Ha KaToxe. CocraB 
IMJIM YCTaHOBUTb, YTO B JaHHOM CJIyyae 3OHbI pe rete EN Uc 
OTJIM4aloTca Apyr OT Apyra MO BeM4YnHe KPHC- 40 ma; 8—100 ma; 4—200 ma 
TaJJIOB, HX OPHeHTAalluH W XapakTepy OrpaHeHHaA. 


_ Ha ocnopanuu nosyueHHbIxX 3THM MIYTEM JaHHbIX H Pe3yJbTaTOB paHee Mpo- 
BeJeHHbIX HCCIeEOBaHHl (B OObIUHBIX YCOBHAX) OPHEHTALLHH KPHCTAaJIJIOB B OCal- 
KaX MeqH u HuKeA (°) H XapakTepa OrpaHeHuA KPUCTaJIOB Megu (*)B 3aBHCH- 
MOCTH OT YCJIOBHH MX MOJYYeHHA MOXKHO MpHiTH K 3aKJIIOUeCHHIO, YTO B CJIyuae 
| OCaxKJ€HHA UHCTHIX MeTaJIJIOB 
| oO6pa3s0BaHHe 30H OOYCJIOBJIeHO 


Ta6muna 1 


He pa3sJIMGHeM B HaKJIOHEe CH- 


Cu | Ni Co Zn © 

Sona JIOBbIX JIMHHU, Kak mpemnowa- 
Opuentailua Kpuctas0B Padi Apuar, a pa3JIM4HeM B 
3JIEKTPOXHMHYCCKHX YCJIOBHAX 
ocaxKeHHA (MJIOTHOCTb TOKa, 

cmadan X 
Heurp ae [004 | [111] yep  WepeHampsaxenne). Xapaxkrep- 
cHsIbHaa Hble yIJIbl, IPH KOTOPbIxX HaOuJI10- 
J HeT [001],[O11] | [414] | [112]  maerca Han6omee HHTeHCHBHOe 
: ne OTpaxKeHue cBera, OOYCJIOBJICHE! 

II [111] HeT [4114] HeT a 

TeM, UTO B KAKO 30HeE KpH- 
Il [001], [4142] HeT HeT — CTaJIbl OFpaHeHbl BNOJIHE 


OnpeqeIeHHbIMU TpaHAMH. 

VurepecHo OTMeTHTb, 4TO B CLy4ae OCAKCHHA HUKeIA YeTKO YCTaHaBJIMBa- 
ach 30Ha MOTeHLMas0B, B KOTOPOM mpoucxog_uso OOpasoBaHue mMTTHHLA. [o- 
BHIMMOMY, B JaHHOM MHTepBaJle MOTeHIMaJIOB My3bIpbKH BORoOpoga HaHOovlee 
MpOuHO IIpHcTaloT K NOBepXHOCTH KaTOa (8). CreqoBaTesIbHO, C MOMOLLbIO WaH- 
HOli SueliKH BO3MOXKHO ObicTpoe ompeyeseHwe MHTepBaJla MOTeHWMaJOB, MpH 


KOTOPbIX HaOJOLaeTca oOpa30BaHHe MHTTHHTa. 
Ilocrynuso 


4 X 1957 
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PH3HYECKAAH XHMH 


10. A. BAOBHH 
TEOPHH ®APAJEEBCKOLO BbITIPAMJIEHUS 


(ITpedcmaeaeno axademuxom A. H. ®pymxunoim 15 I 1958) 


IIpu mpoxoxkeHuH MepeMeHHOrO TOKa Yepes BICKTPOJIHT Ha BIeEKTpOe M0- 
MHMO TlepeMeHHOrO HampsaxKeHHA OOpasyercA TaK2Ke HeKOTOPbIM MOCTOAHHDIM 
cipur morenuuasa (1%). [lompirka JaTb Teoperuyecky!o HHTepmpeTalluio ABIER| 
HHA JWI CLy4Uad MaJIbIX TOKOB OblJIa CeaHa B paOorax (* °). Oquako B pa6ore 
Jlocca uSrepyoua (4, °) mpeqnmonaramoch paBeHCTBO OObeMHBIX KOHILeHTpalluit 
OKHCJIMT@IA WH BOCCTAHOBHTeJIA MH PaBeHCTBO UX KoOsdpuyHeHToB Audpdy3sun 
Hmxe MbI 10KaxKem, 4TO yxKe HeOONbIWOe OTMHUNE B KOZdullMeHTax Wudpy3uu 
MOXKeET HM€Tb CYIeCTBeHHOe 3Ha¥eHHe. B paGore Onxema (°), B KOTOpOH 1 
IpeMIO2KeHO MPHHATOe 3NeCb HasBaHue — cbapayeeBcKoe BbIIIPAMJeHHe, pacy 
cmoTpeH oOmHH caryual. IIpu pacuete, oHakO, ONYINeHbI HYKHbIe YJICHBI 
MOSTOMY MOJIYYeCHHbIe Pe3YJIbTaTbl CYULeCTBCHHO OTJIMUAaIOTCH OT HallMx. 

B HacTroslmeli paOoTe JaeTca TeopeTuyeckoe HCCTeOBaHve YKa3aHHOrO 3q) 
dbekTa. BoO3MOXHbI [Ba NYTH MpOXoO*KJeCHHA MePpeMeHHOLO TOKa Yepes MOBEPXHOCT! 
3eKTpOya. OXMH MYTb CBA3aH C 3apxAXKeHHeM HM PaspxAXKeHHeM ABOUHOFO CON 
y MOBepXHOCTH d/eKTpOfa. HBMeHHe 3eCb aHaJIOrMHyHO TIpoOxoxKeHuIO Mepe 
MeHHOFO TOKa yepes KOHJeHCaTOp. BropoH myTb, KOTOpbIli u JaeT COOCTBeHHS 
(pPapaleeBCKY10 COCTABJIAIOWYIO TepeMeHHOrO TOKa, HeMOCpeCTBeHHO CBA3aH 
C 9JIEKTPOXHMHYECKON, OKHCJIMTC/IbHO-BOCCTAHOBUTeIbHOM peakllHeli Ha NOBepx- 
HOCTH 9eKTpogza. IIpu He CIMUIKOM BBICOKHX 4YaCTOTaX HM He CJIMIUKOM MaJOl 
KOHIeHTpalluu pearMpyIOUHX UaCTHW, MOXKHO ABJICHHAMH B JIBOMHOM CJIOE 
mpeHeOpeyb WH OrpaHHuHTbCA paccmoTpeHHem (bapaseeBcKO cocTaBuIAIoWel me- 
PeMeHHOrO ToKa. 3aBucHMOCcTb (bapaeeBCKOl COcTaBJIAIOIell TOKa OT TepeMeH- 
HOO HallpAKeHHA Ha BIeCKTPOMe MCCELOBaacb B pAe pabor (7, 772°). 

IlycTb yepes aeKTpox, momaybio A cm?, mpoTeKaeT mepeMeHHBIti TOK 4 


i, == | COSY (1) 


IIporeKaHHe TOKa CBH3aHO C OKHCJINTesIbHO-BOCCTAHOBUTeCJIbHOL peakuMeH H 
3JIEKTpose . 
Ox + ne=Rd. (2 


I. [IpegnooxvM, 4TO B pacTBOpe MMeIOTCA Kak HOHbI OKHCIMTeIA c O6b4 
€MHOH KOHIeHTpallMeli C, TaK WM MOHbI BOCCTaHOBUTeIA Cc OObeMHOII KOHIeHTpa- 
tue c’. B KayecTBe IpiMepa MoxKHO Mpupectu cuctemy Fe?+, Fe2* / Pt-snex-+ 
Tpof, uccsefoBanHy!0 B paOorax (*, 5), i} 

Ecau U —mortentwan snektpoza mpw i=0, nsmepexupiii no oTHomenni 


K 93JIEKTPOAy CpaBHeHHA, TO YCIOBMe paBHOBeCHA B Takol cucTeme 3aruinercs 
B BHye: 


y 


Ba M4 n (1—a) FU Px _ naFU | 

t=t—i=nAFkc’e 8! —nAFk,ce ®T = 0, (3) 

oo ie | 

Siecb i uw i—ToKM o6MeHa. B papHopecun oun paBHbl! Apyr ppyry. k,,! Ra 

(cm/cek) xapaKTepusyioT cKopocTs peakiMu, a — Kos(pulueHT, MMeronIN 
3HaveHHe Mexky HYyJIeM HM eWMHuIen. 
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IIpu mpoxoxkeHHH NepeMeHHoro ToKa MOTeHWMa JeKTpOya U3MeHseTcs. 
OGosHauM 9TO usMeHeHHe Yepes o. Tak Kak TOK — nepnoguueckaa (byHKuMA 
BPeMeHH, TO, OYEBHAHO, UW NOTeHIMa IIeKTpOa GyeT U3MeHATHCA C TeM Ke 
TlepHoyom. B 9Tom csyyuae 


i=I/coswt = i— i, (4) 
n(4 


‘7 = nAFky co exp (ue age a) 


> oe (5) 
| i= nAF kc, exp |— pr F(U+ )| : 


Mobi cuutaeM, 4TO MOCeqOBaTeMbHO C SJICEKTPOAOM B Web BKJIOUeH KOHJeHCa- 
TOP, TaK 4TO MOCTOAHHOH cOcTaBJIAIOMleH y TOKAa MOABUTbCA He MOxeT. 

Co WH C,— KOHIEHTpallHaA HOHOB y MOBePXHOCTH 9ueKTpOAa. ITH BeAMUAHEI 
Or epp aller TpaHHuHbIMA ycJIo- 
; I at ax y 
BUAMH C=C Ip x-—>oo u w06om ¢ Hi (c); = (oir ox pH m—telloM x 

@ 


HaXOMATCA pellleHHeM ypaBHeHua judpy3uu 


mtoOom x. (Ananormuno u asia c’.) Kpome Toro, MbI JOJDKHbI CBA3ATb TOK C 
TpayMeHTOM KOHILCHTPallH Ha MOBepXHOCTH 3eKTPOsa: 
j Oc de’ 
| i=—l|e — — ; 
[aD (55), + eD aha (6) 
Syecb €; HW @, — 3apsybl HoHoB Ox u Rd, D u D’ —ux xoadpuunente pnd- 
dysuu. Iloroxu vonop Ox uw Rd serKo cBA3aTb MewKy coOoH. Tak Kak Ha 
KaxkIbId HOH Ox mpuxomutca von Rd uw MOTOKH MX HallpaBJIeHbl B MpOTHBO- 


dc \ poe » 
MOJIORKHbIeE CTOPOHbI, TO D cai naa —D ox . Murpaliwio HOHOB MbI He yuH- 
0 0 

TbIBAeM, CUHTAA, UTO B pacCTBOPe HMeeTCA H3ObITOK MOCTOPOHHEYO J/IEKTPOJIMTA. 


IIpu sTux ycuoBHax mMowlyuaem: 


oy = e[1+ qsin( 7 Efe ot )] (7) 
WM aHaJIOrH4HOe BbIParKeHHe JIA Cc’: 
iE T 
= —— ee ui a = aa 8 
q nAFcV Do ” nAFe’ V D’w (3) 


Honyuenubie 3HayeHHA KOHIeHTpallMH noxctapiaem B (5). Coornoutenne (4) 
yaeT CBA3b TOKa c MoTenitHasom ©. HcksmouaeM M3 STOrO COOTHOLMeEHHA paB- 


nF = 
Ae § k 
HOBeCHbIN mnoTeHivan U (ae = 35 H3 (3). Cyutaa TOK, a CJIEMOBaTeJIbHO, 
2 ¢ 

A COOTBETCTBYIOINIMM eMy CABUP MOTeHIMasla MaJIbIMH HM pasviaras SKCMOHEHUH- 
AJIbHbIC (pyHKUMM B PAM C TOYHOCTHIO JO WieHOB BTOporo NopsjjKa MaJIOCTH, 
nouyuaeM 

Tcosat (c \% nF i) Nee fe ) jet (F ) 

—— |=] = a —q’) sin(— + of})+ 


+(q/ (1 —a) 9 + ag] Br sin(F + at), (9) 


ne k = ky” kp. 
Tlepoguueckylo dynkumio p pa3sioxumM B psy Pypbe. IIpu stom focTa- 
rOUHO OFPaHMUMTbCA MepBOli TapMOHHKO!, TaK Kak OCTa/bHbIe WIeHbI LaloT 


TMIUb MaJible MOMpaBKuH. 
9=b+V,coswt + V,sinot = p+ V cos (wt + 9). (10) 


43 ypapuenus (9), npupaBHuBat KospPuUMeHTHI MpH pas/IMyHblX PapMOHMKaX, 
{bl HaXOLMM CBA3b AaMMMTYAbI MepeMeHHoro HanpsxKeHHA V C TOKOM I, capar 
ba3bl MepeMeHHOTO HaNps2KeHUA D HW SaBMCHMOCTb TOCTOAHHOM COCTABLIAIONICH 
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ciBura MOTeHI Maia v OT IlepeMeHHOTO Hallpx2KeHHA. IlocnenHee COOTHOIMeCHUY 


Han6oylee WHTepecHo: 


ie ~ | 
p= (a— 4) Eye ee he Vo 1+ aaa || 
3 )BRT’ — ORT G pay) 2 t varitcV 2) | 
(11) 
rye 

- c, (oe ae V2Do0 2% Dey (12) 

Bi mer ty Ss ——\ Try \2 id 

| e(rtay e) #lt+eV7 a) 


BosHuKHOBeHHe MOCTOAHHOrO CABHra MOTeHIMaa Ha BeKTpOe NPA Mpoxox le’ 
HMM Yepe3 Hero SJIeKTPH¥ecKOrO TOKAa JIerKO MOHATb, ECM y4eCTb, 4TO COOT- 
HouleHud (5) He CHMMeTPHUHbI OTHOCHTe/IbHO 3HaKa 9. BenuuuHa ~) Kak Obi 
ypaBHUBaeT COOTBETCTBYIOUIMM OOpa3s0M CKOpOcTH MmpaAMoH MW OOpaTHOH peak 
uu. M3 sTHx Ke coodpaxeHuit acHO, YTO  JOMKHO Bg eee ets, B HYJIb) 
eculd COOTHOWIeHHA (5) CHMMETPHUHEI, a 9TO 6yqeT pH ycoBuH C=C’, D= Di 
CR see | 

JlefictBuTesIbHO, Mp 9THX YCJIOBHAX, KaK BMHO H3 (11), p= 0. Cootsety 
cTBylonujad PopMyvia, MOsyYeHHaA B paOore (°), qaeT OOpaileHve } B HYJIb IIpt 
c=c’, D=D" nu mo6om~«. HekoppekTHOCTb 3aksOUaeTCA B TOM, YTO mpk 
TOM MeTO,e pacueTa, KOTOpbIli mpHHAT B paOote (°), HeOOXOAMMO cOoxpaHst 
B MOKa3aTeeé SKCHOHEHTHI WIeHbI He TOJIbKO C MepBol, HO H CO BTOpOH Tap 
MOHHKOM pa3moxKeHHA ©. Popmywpbt (11) HecKOJIbKO ynpollaroTcs, CJM o0beM 
Hble KOHIeHTpalluH pearupylOul4x MOHOB paBHbl Mexjly coOol c=Cc’, T. & 
t= 1. B 9ToM cayyuae 


1\ nF nF V2 1 VDoa 
v= g — —|\)—. V2 —-— = Ca een | + ——_———_-—- ’ 
( Sloan ORT G wevem)|| Fas 2)) 


pre. G.=G pn + = te 
B npegeabHom cmyyae k > VY Do 


_ UF yp are a NF 17 nad 4 
?= opT rere 2 | + aerY ‘ £3: ee z) vay 2) 


eee SA | po ee 
x)appV" — apr 


( Dy 
tae) 88 nF ve 1 ye 


V3 nowmyueHHbIx BblpaxxkeHHH BUAHO, 4TO BemHuMHAa Y 3aBucuT oT a. V3) 
pad SKCMEPHMEHTAMIbHO BeJMYMHbI V nu , MOxKHO MO NOJyYeHHbIM bopmystat 
HaiTH «. Bneppble Ha 9TO OOpaTuH BHuMaHHe Jlocc u Srepyou (*, °). Boise 
eHHat uma (popmysia (®) cootsercrpyer (13) mpu ycuosuu, uro D =D?) 
OyHako, ec « OH3KO K MOJIOBMHeE, yxe HeOOJbINOe pasmMuMe B Koad! 
(pPHUMeHTax puddpy3HH MOXKEeT OKasaTbCA OUCHb CYLICCTBEHHBIM H MOSTOMY MJ 
OMpeeeHHA % HYXHO MOMb30BaTECA chopmysiamu (11) usm (13). 

Il. Copur noreniwana ~ BO3HHKaeT HM B TOM CJly¥ae, Kora B pacTBop 
HMEIOTCA TOJIbKO HOHbI OKNCIMTeJIA. []pHMepoM MOXeT CJy2KUTb MeTAJIJIMYECKH, 
QIEKTPO, NMOrpyXeHHbIN B pacTBOP, COepxKalluH ero HOHBI. 
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_ B 9Tom culyyae uMeeTcs M36bITOK BOCCTaHOBUTeA B MOBepXHOCTHOM cy0e 
HM CKOpOCTb OKUCJICHH He 3aBHCHT OT KOHIeHTpallun BoccTanosutess. TIpu 
9TOM B ypaBHeHHax (5) u (9) Mbl JoOuKHEI NooxKUTR g’ = 0. Pacuer mpoBo- 
MMTCH aHasOrH4yHbIM OOpa3s0m. OxonyaTenbHO nosyuaem: 


17 V De 
a a Te ae a Tee V 2k 
? (« sybian 2 RT Y V 2Dac* Da on.) 
Tpu kV Do 
i 1 nF 2 
i a gal ff 


B MpoTHBOMOJIOXHOM MpeyesbHOM cylyyae, R< %*V Da, 


Day ree ae Cle k 
p= (x >) aRtY DRT. cape 1s) 


B pa6ore (°) uccleqoBasacb cuctema Hg,?+ + 2e = 2Hg. Xora o6mas cop- 
‘MYJla id ) 10 TeM 2e MPpHUHHAM, Ha KOTOPble MbI Y2Ke YKa3biBaslH, HeMpaBMJb- 


‘Ha, mpeempupili cayuali k ><“ Do cospnagaer c (17). SkcnepumentabHasn 
‘TpopepKa, MpopesenHas B (°), (akTHYeCKH OTHOCHJaCb K 9TOMY MpesebHOMY 
‘Cuyualo, XOTA YaCTOTAa © MeHAACb OT 20 no 5000 06/cek. (mp 6ombuIMx yacrTo- 


‘TaX HY2KHO YUHTIBATb TOK, CBA3AHHbIM C 3aps2xKeHHeM JBOuHOrO cos). IIpu 


x J ORT 
-9TOM ObIIO NoJyueHoO (u3 usMepeHHi V uy), TO BeMuMHAa yz MeHANach B 


mpegzenax or —1,26 no —O0,84, 1. e. dopmysa (17) xopowo noxrBepxalacb 
(n = 2). 

Ojuako JIA NOATBepxKeHHuA OOMleH opmyvibl (HM HaxoOxKeHuA %) HeEOOXO- 
MMO 9KCMepUMeHTabHO uCCesOBaTb cstyualt k<t*V Do. 

IIpH pacuerax MbI He YWJIM BJIMAHHA JBOMHOFO CJIOA, B YaCTHOCTH, Ha BeJIH- 
YHHY TOBepXHOCTHOM KOHILeCHTpallHH. 

B s3aksloueHHe MOJIb3y1OCb CJlyyaeM BbIPasHTb OwJIarOfapHOCTb aKaJ. 
A. H. ®pymxkuny, oOpaTuBliemy MOe BHHMaHHe Ha paCCMaTpHBaemblii BOM- 
poc, u mpod. B. I. Jlesnuy 3a nomesHoe o6cyx enue. 


z ITlpumewanue npu Koppexmype. Korja Hactosnjanx paOota Obluia ye cana 
B TeuaTb, MOABHJIOCb mucbMO (14), B KOTOPOM NpHBeseHa (popMya AIA cyBura 
NOTeHIMasla, MO-BAAHMOMy, aHaJlOrHuHadA MOJIyYeHHOH HaMH. 


Ilocrynusio 
10 I 1958 
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Jloxnanp AkaweMun Hayk CEGe 
1958. Tom 120, Ne 3 


®H3HYECKAA XHMHA| 


Bb. H. KABAHOB u JI. B. KOKOYJIMHA | 
O MEXAHH3ME AHOJHOrO PACTBOPEHHMSA MAHA 


(IIpedcmaeaeno axademuxom A. H. PpymKunoim 15 I 1958) 


BbICHHTh MeXaHv3M ObICTpOH cTaquH MpH HalMunHH Oomee MeWJIeHHOK JA 
mpowecca aHOHOrO OKUCJIeEHUA MeTaJJa WO CMX MOp He yaBaJlOCb U3-3a IKCIIE- 
PHMeHTaJIbHbIX HM TeOpeTHyeCcKUX TpyAHOcTeH. B HacTosAlee BPeMA 3TO OKa3bIBa- 
€TCA BO3MOXKHDIM B CJLy4"ae MeTaJJIOB, OOHAPYKUMBAIOWUMX KOTPHIaTCJIbHbIM Pas- 
HOCTHBI atppeKT», T. €. METAJIJIOB, KOTOPbIe IpH aHOHOM PacTBOpeHHH OOpasyi0T 
B Ka¥eCTBe MepexOMHOFO COCTOAHHA HEYCTOMUMBbIM B pacTBOpe OAHOBAJICHTHDIM 

a 2 
WG) 
IIpu pacrBopeHuu MarHua B KHCJIbIX pacTBOpax MpOlecc MOXeT MPOTeKaTb 
moO culeqyroureH Cxeme: 
4 re . 
Move Meat: 
2. Mgt. —-—> Mg** + 6; 
3. Mgt —— Mgr 


pacTB 


MH JlaJlee 
4, Mgt +H — se Mgtiye reals 


pacTB 


WIM B HeHTPaJIbHbIX H CaOO WIeJIOUHbIX PaCTBOpaXx: 
AGS Med, sbiH,0 -§ OHy => Mg (OH) 4 Hi, 


OxuculeHve MeTaJIIM4eCKOPO MarHHA JO ONHOBAJICHTHOPO ABJIAeTCA HaHOoee 
MeVJICHHOM V3 SJIEKTPOXHMMYeCKUX CTaquH sTorO mpollecca, Tak Kak 3a Hei 
HAYT WBe MapaJebHble CTaquu, U3 KOTOPHIX Zudpy3suaq B pacTBOp — NpaKkTH- 
yeCKH BCera ObICTpad u3-3a HEYCTOMYMBOCTH OHOBAJICHTHbIX HOHOB. QyleKTpo- 
XMMHUeCKOe OKHCJICHHE METAJIJIMUeCCKOPO MarHHA BECbMa CHJIbHO TOPMO3HTCA TPH 
ajcopOluv Ha HeM KHCsIOpoga, T. e. Ipu maccuBatuu (*). MoxHo 6bWIO O*KUTAaT, 
YTO SJIEKTPOXMMHYECKHH TMpollecc OKHCJICHHA IIPOMeXYTOYHOTO COeMHeEHUA — 
OJHOBaJICEHTHOrO HOHA MarHuaA — NO JBYXBaJIeHTHOFO (pH MOCTOAHHOM MOBepx- 
HOCTHOH KOHI[CHTPallWH OHOBaJICHTHOrO MarHHA) He JOJIKeH 3aMeIJIATbCA 
Ip NacCHBallMu MarHuA, NOLOOHO TOMY KaK CO 3HaYHTeEIbHOM CKOPOCTbIO MOXET | 
HATH OKHCIeHHe JBYXBaJICHTHOrO %Kele3a JO TpeXBaJIeHTHOTO Ha MaCCHBHOM | 
*Keslese, Ha KOTOPOM OKHCJIeHHe MeTaJJla IIpaKTH4YeCKH MNOJIHOCTbIO MpeKpa- | 
Tuocb (*). JlelicrBuTrembHO, XUMMYeCKad alcopOuuA KHCMOpOLa, UPHBOAAUIAaA 
K llaCCHBallH MeTaJlJla, H3MCHAeCT CTPOCHHe MOBePpXHOCTH MeTaJIJIa H CTpoeHue 
ABOMHOFO SeKTPHYeECKOFO CJIOA JIMIb B TOM efO yaCTH, KOTOPad Mpusmeraer 
K MOBe€PXHOCTH MeTaJJIa, a MOSTOMY WH MMeeT NePpBeHCTBYlOlWlee SHAYeHHE AVIA 
mpollecca Mepexoga MeTaJIJIa B COCTOAHMe TuApaTupoBaHHorO uoHa. [Ipouecc 
AabHel Wero OKUCICHHA PHApaTHpOBaHHOrO KaTHOHAa MpoucxosuT Ges mepexoya 
HOHA “epes rpaHHlly MeTaJlJI — pacTBOp, NOITOMY Ha OKMCeHHe KaTHOHa, 
eCIM He IIPOHCXONUT H3MeHeHHA ,-NOTeHWHada, H3MeHeHHe paOOThI BbIXOa | 
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SNEKTPOHAa HE NOM2KHO BIMATS (AIA CLYUaA BbIeeHUA BOMOPOMa Ha OTCYTCTBHe 
BIMAHMA padorhl BLIxOga A. H. OpymKun yKa3an eue B 1931 r. (°) ). Wpwunna 
STOrO 3aKJOUaeTCA B TOM, UTO IPH MOCTOAHHOM CYMMAPHOM 3VICKTPOJHOM MO- 
TeHIHale W3MeHeHHe PaOOTHI BbIXOJa SeKTPpOHa B BaKYYM WIM KOHTaKTHOrO 
MOTeCHWHala KOMMe€HCHPYyeTCA PaBHbIM H3MeCHeHHeM CKauKa MOTeHIMala B HOH- 
HOM JIBOMHOM 3JIEKTPpH¥eCKOM culOe. 


PaccMOTpHM 3aKOHOMepHOCTH OKMCJIeHHA OHOBaseHTHOrO MarHua. TIpeqmo- 
Jlarad, UTO CKOPOCTb fy aHOJHOrO mpomecca Mg*-—> Mg** onpegenaetca 3amen- 
JI@HHOCTbIO SJIEKTPOHHOFO Mepexoya (CompoBoxlalouleroca yBesIMYeHHeM ruppa- 
TallMM), MOXHO HalHcaTb culemyrolee BbIparkenne: 


; . F 
ig = k, [Mg exp ass (1) 


SHaveHve KOHCTaHTbI B MbI MpHMeM TaKWM 2%XKe, KaK jWJIA OKMCeHMA MeTaJVIH- 
HeCKOrO MarHiaA MO OHOBaJIeHTHOrO, T. e. (MO HalIMM JaHHBIM) B = 0,23. 
[ia NapasieubHOrO mponecca AuddysHonHoro nepexona Mg* c nopepxHocTu 
IIEKTPOa B’ pacCTBOp HMeem: 


[Mg*] -—o 


a [Me*]e, (2) 


dc 
is = FD GG = FD 
le k3 3aBMCHT OT CKOpOCTH MepeMelllMBaHHA B TOM CJlyyae, eC OKUCJIe- 
que Mg* powol He 3akaHUMBaeTCH yxKe B HeMOCcpeAcTBeHHO Mpuseraromel K 
JIEKTPOY YacTH Audcdy3sHouHoro csioa. [IpHHumaetca, UTO KOHMeHTPallHA HOHOB 
MarHid B pacTBope y mopepxHocTu [Mg*],— 9 MponopivoHasbHa HX MoBepx- 
JOCTHOH KOHWeHTpanMu [Mg"],, Tak KaK CpaBHMTeJIbHO Maula. 

M3 conocraBjieHua ypaBuenul (1) u (2) BugHO, UTO pacnpeemteHue MarHua 
MEK LY IBYMA MapaJIebHbIMU MpOlleccaMH, T. €. OTHOLWeHUE 1y/i3, He 3ABMCHT OT 
IOBEPXHOCTHOH KOHILEHTPalluH OHOBaseHTHOrO MarHuA (Mgt],, a 3aBHCHT 
rOJIbKO OT MOTeHI[Maa: 


ig __ fs BFo 


Bee ee 
is b, EXP EE = kexp—. (3) 


RT 


Uro6ni nepelitw kK CpaBHeHMIO STOrO TeOperMyeCKOrO BbIBOJa C 9KCHepH- 
MCHTAJIbHbIMH J@HHbIMH, HaO HaliTH 3aBHCMMOCTb 9:pPeKTHBHOH BaJICHTHOCTH 
1; pacTBOpstolleroca MarHua (1) oT MOTeHIMala SeKTpoga 9. Jlerko nNoKa3aTb, 
ITO SPPeKTHBHAaA BaJICHTHOCTb MarHHA 


4+ 2s / is a 
es. 1 + ig / ts ° (4) 


ConoctaBisa ypaBHeHua (3) u (4), WOomwyyaem HCKOMY1O 3aBMCHMOCTb: 


1-++ 2k exp a (5) 


ho 7 ° 
1+ kexp 


C pyro cropoubl, Hall ONITbI MOKasaJI, ITO B AKTUBUPYIOWUX pacTBopax 
MgCl,, MgBr., MgSO,) norenywad aHoqHOro pacTBOpeHuA MarHux MOUTH He 
ABHCHT OT IWIOTHOCTH TOKa; IPH YMCHbINeHMM aHOAHOM MIOTHOCTH TOKa Mpo- 
iCXONMT BO3pacTaHue MaccuBHOcTH MarHua*. OppexTuBHaA BasleHTHOCTh Nj 
1 oTHoIeHHe i,/i; (y paBHeHue (4)) IpH TOM *Ke MOTeHWMase OCTalOTCA MPH PasHbix 
WIOTHOCTAX TOKa IOCTOAHHBIMH, T. €. MO ypaBHeHuto (3) KoucTaHTa & He 3aBy- 
‘HT OT CTCHCHH MaCCHBHOCTH MeTaJlJIa, XOTA tl, H3MCHAeCTCA B COTHH pas, aK U 


* Sro cnenyer u3 OOparumoro YMeHbUIeHHA EMKOCTH JBOlHOrO COA M M3 XOMa OCH sOrpa- 
DHUECKUX KPMBBIX U3MCHEHHA MOTeHMMAaAa SeKTPOMa Mocma pesKoro YMeHbIeHMA IOTHOCTH 
OKa, Ha KOTOPHIX BHJHO, YTO MOTeHIMaN MOCTeMeHHO BOsBpalllaeTcA K UCXOAHOMY S3HaueHHlO. 
: > 
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is. Unima cOBaMu, MPH WacCMBallMH MarHuA CKOPOCTb aHOAHOTO OKUCJCHH 
voHos Mgt np MOCTOAHHOM 9 H3MeHACTCA TOJbKO OT H3MCHCHHA 

u fudbysua ux C IIeKTpOfa (HaqoO NOsaratTb, YTO MPH HSMeHCHUH Kaxkylleica 
IWIOTHOCTH TOKa, HCTHHHAad MWJIOTHOCTb TOKA, Olpekedsemad C YUCTOM HSMCHCHH 
CYMMapHOH MCTHHHOMt MOBepXHOCTH H BOSMOXKHOFO M€XaHNY CCKOT03 ak PHITHA TACT 
MOBepXHOCTH (pasOBOM OKHCHOM MeHKOM, MOXKeT C TeYeHHeM BPeMCHH OKa- 
3aTbCA H3MCHCHHOM B HHO Mepe, YeM KaxKYWlaicwA, UTO He OTParKaecTCA Ha Hae 


IHX BbIBO,aX). 


Tpacbuueckoe ns06paxkenne TeopeTHueCcKOH 3aBHCMMOCTH 1; OT 9 TO yPaBHe- 
Huo (5) qae~ S-oOpasHyto KpuBywo (puc. 1), B OOuleM aHaJOrMUHYy10 SKCIICPUMCH- 


“96 6 


Fabs 


Puc. 1. SaBucumoctb 9ppekTuBHon 
HayaJIbHOH BasIeHTHOCTH MarHuxA OT 
noTeHitvasa MarHveBoro aHoya. IlyH- 
KTHp—TeopeTuuecKkad KPHBaA, CIIO- 
[uHad — SKCIePpHMeHTabHadt  KpH- 
pan. Pacrsoppl; 1 — MgCl, (1 ); 
2—MgBr,(1 N); 8—MgSOa (0,01 N 


[Mg*];, Kak 


TaJibHOH. B kayecTBe JONOJHHTeIbHOFO 110+ 
BOJa MOXKeT CJIY2KUTb CpaBHeHHe HaKJIOHO 
KaCaTeJIbHbIX K KPHBbIM pH f;= 1,5, T. e: 
B TouKe neperuOa. Juddepenuupyemn (5) no ¢) 


8 A exp (SE2)[1 4 eo SEP 


u Jvia TOUKH NepernOa 


dn; 8F am 
( 8 ie BRN a: ca Pte) Bai 


B mpeyemax ouwmMOKU oMbiTa B TOUKe Nepern6 
moulyuaercn COBMaeHve HaKJIOHOB TeopeTuye+ 
CKOM H SKCIePHMeHTaIbHOH KPMBbIX. AHaJIO 
THYHbIM XO IKCHe€PHMeHTAJIbHOH HW TeOperTH 
yeCKOH KPHBbIX B OOUIEM MOLATBeEp*KMaerT Cie 


JIaHHOe T1peANOOReHUe O PasBeTBJICHHH pa 
iecca Ha udPy3uto W 3aMeWICHHbIM paspay. 
TakuM OO6pa30M, MOXHO NOJaraTb, YTO CKOPOCTb BTOPOH cTaquH aHOHOrC 
OKHCJICHHA MarHHA OlpesesiAeTCA CKOPOCTbIO Mepexoa 3J1eKTpOHa. EcrecTBeH+ 
HO, UTO CKOPOCTb 39TA HE 3aBHCHT 3aMeTHO OT MaCCHBHOCTH 3/eKTpOa. OHakd 
SKCIePMMeCHTaJIbHad KPHBaA OTKJIOHAeTCA OT TeEOPeTHYECKOH pH MpHOJIM*KCHH 
K mpefetam. B oTuM4une OT TeOpeTHyeCKON, SKCNeEPHMeHTaJIbHad KPHBaA Tp 
OOJIbIUMX OTPHWaTeIbHbIX SHAYeHHAX 9g * CTpeMNTCA K Mpefeny n; = 1,3; 
aHen;=1. Ha ocHoBaHuH 9TOTO MOXHO TpeNOOKUTb, YTO HOO B aH} 
HOM HHTepBaJle OTPHWaTeJIbHbIX 8HAYeCHHH MOTeHWMasla CKOpOcTb OKNCIeHuA Mg* 
He 3aBHCHT OT ©, JIHOO B STON OONaCTH NOTeHILHaJIOB MepeXO B PaCTBOP KarKIbIX 
ypyx nuonos Mg* scerfa compoBoxaetca OOpas0BaHvem ogHoro Mg *+, Tocaen4 
Hee peNosoOweHHe MOXKeT OODACHHTb Me€XAaHH3M AKTHBAIMH WH MPM4HHY CTa~ 
WHOHAPHOCTH AaHOJHOFO NMOTeHIWMalla B «aKTHBUPYIOUHx» pacTBopax. Moxa 
nowaratTb, UTO B MaCCHBHPYIOWeM aCOpOWMOHHOM CyIOe COCTOAHMe MarHuA aHa- 
AOFUYHO €TO COCTOAHMIO B OObeMHOM OKHCJIe JBYXBaJIeHTHOPO MarHua. Ecau 9ue+ 
MeCHTaPHbIM aKT AHOAHOTO PaCTBOPeHHA MarHHsA 8akJIIOUaeTCA B Mepexoye B pac- 
TBOP JBYX OJHOBAJCHTHBIX MOHOB Mgt, cTrpyKTYPpHO CBA3aHHbIX C OHO mac- 
cuBupyromel rpynmou MgO, To sra rpymna 6yyer yBIeKaTbCaA B pacTBOp OJHO4 
BaJICHTHbIMH HOHAaMH, UTO MPHBEJeT K aKTUBAILMM, MPONOPWLMOHAIbHOM AHOHOMY, 
TOKY. ; 

AKTHBallHA TMOCIe YBeIMYeHHA MIOTHOCTH TOKa OyJeT MposoMxKaTECA AKC 
Tex TlOp, MoKa a:pPeKTHBHAA NOBEPXHOCTb He BOSPaCTeT HACTOJbKO, UTO HCTHH- 
Had MWJIOTHOCTh TOKa YMCHbIIHTCA JO HCXOAHOM BeMUHbI, UTO ABTOMATHYCCKE 
IIPHBOLUT K HCXOAHOMY 3Ha¥eHHIO MOTeHIUMasla, IPH KOTOPOM HMeeTCA HEKOTOPOE 


CTalMOHapHOe KOJIMUECTBO NaCcHBMPYIOWMX Tpynl Ha ekUHULy acbbexTuBHO! 
MOBepXHOCTH. 


u 1 N); 4—KCIOs (0,5 N) 


* 
Syech NOTeHUMAaN Y OTCUMTEIBAeTCA OT NOTeHIMaa TOUKH MeperuGa, T. e. MooxKeHO k =). 
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Ypapuenne (5) nosBonsder Zarb OGULYIO 3aBHYCHMOCTb CKOPOCTH BbIeeHUA 
comopoga (B amn/cm?) or noreHitMata (*): 


8’ 
k’ exp ( oe ) 


V=V,+V,.= : +k" exp ( ar) 
14+ kex pS RT 
ES 
ke k’ w 8’ — xoadduunenta! quia peakuuu Mg —> Mg* (mpi mpunaau 3’ = 8), 


ve 


— CKOpOcTb CaMOpacTBOpeHHA MarHua pH o = 0. 

Ha ocHopaHuu dbakTa HeycToiiumBocTtu uona Mg* ut cesaHHbIx Hamu mpey- 
(ONOKeHHH =O TMOCJeOBATeJIbHOCTH aHOJHbIX MmpoweccoB oO6pa3s0BaHHA 
Ag* wu Mg** MoxHO 3aKJIOUNTb, TO HOPMAaJIbHbIti MOTeHIMas CHCTeMbI 
Ag* / Mg** cyulecTBeHHO oTpuilaTesbHee HanOoslee OTPHaTeJbHOrO sHayeHHA 
(OTeEHWMala, Mp KOTOPOM elle useT O6pa3opanne Mg** na anoge, T. e. —1,4 
} H. B. 9. H MOKeT ObITh MPHOMMSUTebHO oleHeH B —1,7 B. Ilo npaBuny 
Thotepa HOpMaJbHbIi aeKTpoyHEM noTeniuan cuctemsr Mg /Mg* B Takom culy- 
[ae JOJDKeH ObITb paBeH, MPHONH3UTebHO, —3B, YTO COOTBETCTBYeT HOPMaJIb- 
[OMY NOTeHIMaJly WlesOuHOrO MeTawJa. 

_ TloqOupaa BMecTo BOE ApyrHe NOAXOAAMMe AKIENTOPHI AVIA OMHOBAJICHT- 
IbIX HOHOB, MOXKHO HaedATbCA MOJYYHTb aHaJIOrMUHbIe KpMBble 1; (9) AA [py- 
‘AX, OoIee ONAarOpOMHbIX MeTaJVJIOB C HM3INeH CTeMeHbIO BaJIeHTHOCTH MOHAa,. 
YABHOH 2, MH OMPeeMTb 3aMe)VICHHy!O CTaQWIO MW B 9THX CJyuaHx. 


Vacrutyr dbusvueckol xuMuu Ilocrymuao 
AxkayemuH Hayk CCCP 13 I 1958 
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PH3HYECKAA XHMH;} 


r. A. NMATPHKEEB 
MEXAHHKA PACTSHYTbIX TOJIMMEPHbIX CHCTEM 
(IIpedcmasanexo axademuxom B. A. Kapeunoim 2 I 1958) 


1. OcHOBHOM 3aauel MOJeKYJAPHOH TEOPHU ABJIAeCTCAH YCTAHOBJICHHE COO 
HOIeHHA MEY MeXaHH4YeCKUMM CBOMCTBAMM MOJIMMCPHbIX MOJICKYJI MH Mexa 
HMUeCKUMH CBOLCTBAMHM Tela, KaK COBOKYMHOCTH 9THX MOseKysJ. Ilo ycraHOBUB 
llelica TpakuIluM 9Ta 3ayaua pelllaerca MeTONaMM CTaTHCTHYeCKOH TepMO_uHad 
MuKH (1). CyllecTBeHHble pe3yIbTaTH! MOLY YeHbI IPH HSyYeHHH KMHCTHKH HepaB 
HOBeCHOH JedopMaltuu MomHMepos (”). OfHako JO HacTOAIero BpeMeHH MCE. 
JJOBaTeIbHOPO IPHMeHeHHA MeTOJbI MeXaHHKH pW paspaOorKe paccmMaTpuBae 
MOH Mpo6sJIeMbI ele He Hallliu. 

9. MexaHuKa MOJMMePHbIX MOJIeKyJI pa3BHTa Ha OCHOBe MpeMOO*KeHH 
0 TOM, UTO aKTY Me€XaHHM4eCKOrO PaspbIBa MpeslllecTByeT CTaquA yupyroro pac} 
TAXKeCHUA MOTUMepHOH mMoueKyvibI (°). B aHHOH cTaTbe Ha MpuMepe pesHHb! 06) 
-CY2KaloTCA OCHOBHbIe BOMPOCbI «MexXaHHYeCKOM» TEOPHU PacTAKeHHA NOMMMEepPy 
HbIX CHCTeM, OCHOBAHHOM Ha MpeMoOKeHUH 06 OMpeesAIOULeM 3HAYeHUH YIpy 
THX pacCTA2KeHui NOMMMePHbIX MOJeKYJI pH pacTsAxXeHHM UeaH3MpOBaHHON 
pesuubl (4), Dyn amMeHTaJIbHbIM MOOXKCHHEM MeXaHUKU ABJIAeTCA TpeOOBaHHE 
PaBHOBeCCHA CHI M@xKY HallpaAxeHHbIMH S/IEMCHTaMH CTPyKTYDPbIB ResopmMupos 
BaHHOM Tele, MOSTOMY OCHOBHOM 3aayeH MpH paspaOoTKe TeOpHH ABJIAeTCS 
usyueHHe YCJIOBHH «BHYTPHKOMMeHCHPOBaHHOTO» PaBHOBeCHA. 

3. MonekyapHoe crpoeHve HeaIH8HPpOBaHHOH pesHHbI OObMHO MpescTap 
JIACTCA B BHC «MOJCKYJIAPHbIX YUaCTKOB» PaBHOM JVIHHbI (a), COCMHCHHDIX 
B «<y3max» (C —C,C — S u ap.) mpounbimMd XHMHUeCCKMMH KOBaJICHTHBIMH CBS 
3amu. MonekyJapHblt «yyacrok» paCCMaTpHBaeTCcaA B KayeCTBe e(MHCTBEHHOrG 
CTpyKTypHoro mapamerpa (°). IIpeamoxeHo BBeCTH BTOPOH CTPyKTYPHbIM Ma} 
pamerp — uuHy (uw) 3aMKHYTOFO WHKJIMYeCKOFO NOJIMMepHOro KOHTYpa — MOJIK- 
MePpHOrO IMKJIa, OOpa3s0BaHHOrO CHCTeMOM MOVJICKYJIAPHbIX Y4UAaCTKOB, CoeqH- 
HeHHBIX MexKy coOoH B y3lax; JIMHa HavOoee KOPOTKHX «NOJIMUMKJIOB». 
N10-BHJMMOMY, B JeCATKH pa3 Oovblle AMHbI yuacrKa (°). Pacranyraa uyjeamu- 
3HPOBaHHad pe3HHa OKA MpefCTaB/ATb CHCTeMY, OOpasOBaHHYy!0 KOH(@Urypa- 
IHOHHO HW YIpyro pacTAHYTbIMHM yuYaCTKaMH, COCAMHEHHbIMH Mex Ty CoOoH He! 
TOJIbKO CBA3AMH B Y3JlaxX, HO HM MOCpeCTBOM «MOJIeKYJIA PHbIX NeTeb». Hempou- 
HbIe€ M@XKMOJICKYJIAPHbIe JIOKAJIbHbIe CBA3H MPH paCCMOTPeHHU YCJIOBHH paBHO- 
BeCHA MCKAY YUPyro HallpAxXeHHbIMH YUYaCTKaMH HeEMOCpeACTBEHHO YUUTHIBATbCA 
He JOJKHbI, HO HX KOCBeCHHOe BJIMAHHe, TaK Ke Kak MH BJIMAHHe CTePH4eCKHX 
MIPeNATCTBHH, BeJIMKO. 

4. B ycOBUAX JOCTaTOUHO MeJICHHBIX paCTAXeHHH B3aMMHOe Meperaru- 
BaHHe M0 WeNAM JOJI2KHO ObITh MOCTYJIMPpOBaHO B Kay¥eCTBe OCHOBHOFO cmocoba 
B3aHMHOrO ypaBHOBellMBaHuA YyUpyro HanpAx*KeHHbIxX yuacTKoB. Ha puc. i 
NpHBeeHa MpHHWMNvaIbHad CXeMa Me€pBHYHOFO HalpA2XeCHHOLO JJIeEMeCHTAa CTPYK- 
Typbl (HOC), oOpasoBaHHoro yupyro Halips2KeHHbIm yuacrKom Ne | u ypaBHo- 
BelUMBalOlNHMA ero ClyKTYMpylollee HaTAXeCHHE MHOFOUHCIEHHbIMA ApyruMu 
yUpyro Hallps2KeHHbIMM yuacTKaMH IlyTemM NeperaruBaHusa mo Wenam. Ilo mepe 
PasBeTBJICHHA CTeMe€Hb HallpAXK€HHOCTH YU¥aCTKOB JOJIXKHA YMeEHbIUAaTECA, B 
NepBOM MpHOM2KeHHH, MpPAMO MpONOPWHOHAbHO YHCIY STHX YUACTKOB MIpH 
‘COXPaHeHHM MOCTOAHCTBa OOMerO HallpsAxKeHHA B JI0OO0M ceyenun HOC: 


eh = A's, = A”, =... Aaa, 7H, (1) 
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e A — cpejuee uncsio paspeTBnennii B yuacrKe (2< A<4), k—nopsayKo- 
IM HOMep yuacTKa WIM y3ma, cuvTaa or ya3na Nel, c KoTOpHIM coequneH 
factok Ne 1; op —HanpsxxeHwe MakcuMasIbHO ynpyro pacTauyToro yuacrKa 
ies S- = G27 7,5-10°° cs. aan Ha MOJIEKYJIY, 5, 53 — HallpsxKeHMA ypaB- 
BeIMBaIOMMX yuacTKOB Ne 2, Ne 3urt. 7., 9, —cpeque-craructuyecKoe 
(IpaxKeHve KOHN(UrypalHoHHO pacTsny- 
NIX YUACTKOB, os = Ase, = 1-10 8c, HH 
Me MOJICKY IY; Ge, Gs Ui 8, ts — 
OTBETCTBEHHO MOY yipyrocTu u 
HOCHTEJIBHBIC YAJIMHeHMA pH yupy- 
M HW KkKOHN*urypalwoHHOM pacTs>KeHHH 
IaCTKOB (°). 

| Creqyer ykasaTb Ha BO3MOKHOCTB 
2PpMasIbHOrO IIPHMeHeHHA WIA pacuer- 
AX IeleH MaTeMaTuyecKOrO amnapa- 


: b Puc. 1. TpHuuunuanbuaa cxema H9C’a, 
| TEOPHH WenHbIx peakunh. TlopaqoK g — yzen A—3; 6 — y3en A—4: @ — mome- 
iCla KOH®UrypalluOHHO pacTAHYTbIXx KyIApHasd neraa 


1aCTKOB, YPaBHOBeLIMBalolux B KOHe4- 

aM cueTe HaTA2KeHWe OHOrO ynpyro Halps»xenHoro yuactKa Ne 1, moxuo 
leHuTb BemHuHHOH 10*—10°. TakoB BbIBOL, ABJIAIOUIMiCA cieqcTBueM pac- 
ae MeTOJaMH Me€XaHHKH YCJIOBHIi PaBHOBeCHA Mp HeMmocpeyCTBeHHOM 
sAHMOMCHCTBHM YIIpyro paCTAHYTHIX MOJIMMePHbIX MOJIeCKYJI. 

5. KoumyuectBeHHble COOTHOWeHHA MOFYT ObITb BbIBEJCHbI, CCIM MPHHATS 
imoTesy «KapKaca» (*). CormacHo 9roli rumorese, Np pacraxKeHuu OOpasiia pe- 
THbI BOSHHKaeT M M0 Mepe JaJbHeH lero pacraAKeHUuA OOpasia paspacraerca 
NIpepbIBHadA YPaBHOBellleHHad CHCTeMa YIIPyro pacTAHYTHIX YUaCTKOB, Ha3BaH- 
A KapKacom («ympyroli cerKol»), BOCIPHHUMaIOWlaA Ha CeO6A OCHOBHYIO JOV1I0 
felllHeH Harpy3kv, a TakxKe TY 4aCTb HaMpaAxKeHHA BHYTPeHHerO CuOBOrO 
WIA (K9IACTHYHOH CeTKU»), KOTOPOe He MOXKeT ObITh YPaBHOBelleHO JelicTBHeM 
{elulHux cH. TakuM OOpa30mM, MpHHMMaeTCA, UTO HANpAxKeHHe pacTAHyTOrO 
\paslla ONpekeiAeTCA NOTeHIWMaIbHOM 9Heprvel yNpyro pacTaHYyTbIX NomHMep- 
bIX MOJIeKYJI. Pa3BuBaeMble He MOFyT ObITb COrlacOBaHbl C WpeCTaBsIeHHAMU 
«BBIHYK]CHHOH QJacTM4YHOCTH» (7), OHaKO, B OTJMYMe OT OOIMENPHHATHIX 
penctaBeHui (1, *, °, ’), mexkay MapamerpaMH MexXaHWuUeCKHX CBOLCTB u Tep- 
ONMHAMHYCCKUMH TapaMeTpaMH HeJb3A YCTaHaBJIMBaTb HeNOCPeCTBeHHbIX 
33€H, HO B HEKOTOPbIX CJIY4aAX MOXKHO ORKUaTb MPOABJICHHA KOPPeJIAIHOH- 
SIX CBA3eH. CylleCTBeHHO OTMeTHTb, ITO COracHO rHMmoTese KapkaCca JHTPO- 
AMHbIe WedpopMallMW Yu4aCTKOB JOJIKHbI KOMMe€HCHPOBAaTbCA PeCHMYILeCTBeEHHO 
1yTPH OOpa3ila, He OTPaxKaAcb Ha BHEWIHEM HallpAxKeHuu OOpasia. Tepmoyn- 
AMMUeCKHe TeEOPHH B OTHOIICHHH TEPMHYeCKUX JPPeKTOB OCTAIOTCA CIpPaBelIH- 
IMU, OJHakO MoTpe6yrorcaA MompaBKH WIA yueTa POM yYUPyrux pacTaKeHHui 
{acTKOB. CekILMH KapKaCa JOJIXKHbI MPOHN3bIBaTb IIaCTHUHYIO Cpely; NOITOMY 
eX AHH3M JepopMalluu OOpa3ila MOKeT ObITb MUKPOOObEMHHIM, a HE MOJICKYJIAP- 
DIM. TakHe NpesCTaBJIeHHA COrmacyloTca C MpesCTaBJIeHHAMH 06 OCOOOM—<«xH- 
WYCCKOM TeCYeHHH» IPH MexaHMyeckoH epopmalluu nomumepos (°). CoorHo- 
CHUA M@XKAY HallpsAxenuem OOpasita (f), Hallpx2KeHHeEM MaKCHMaJIbHO ypyro 
actaHYyToro yuacrka Ne 1 uw uncom Takux yuacTKOB (f) B CeyeHHH OOpasita 
Oryt ObITb YCTAHOBJICHbI, CCIM NPHHATb, YTO UMCJIO HEMNPePbIBHBIX MPONOJIb- 
IX «CCKUHH» KapKaca coorTBercTByer cpeyqHemy uNcy equnMuHbIX HOC’os 
CeueHHH OOpasila. Oro Fonyuenue BMOMHE OMpaBAaHO, Tak Kak corsacuo (1) 
aNIpA2xKeHue B WO6Om ceyenuun HOC’a ocraeTca MOCTOMHHbIM MH PaBHbIM Oe. 
ora YCJIOBHe MpoOfO/IbHOrO PpaBHOBecHA OyeT ONHCbIBATbCA YPAaBHCHHeM: 

x 


f = 10 %o¢ S) (M1 + Ma + 3+... + Mx) 
1 
1H 


f = 10%o,n KI /cm?, (2) 
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PHC o¢ = Agee} My, Me, Ng... My— YHCO CeKUMM, OOpas0BaBLIMXCcA Mp Coo? 
BeETCTBYIONUX YWIMHeHAAX OOpasila, m— oOmlee cpeqHee YHCIIO CeKUMM B Ce 
YeHHH pacTAHyTOrO OOpasila. 

TIpenembHoe 4HCIO He3aBHCMMbIX, He B3aMMOJeHCTBYIOWIHX HaG 
B ceveHHH pacTaHyToro oOOpa3sila 7’ MO%KHO OLeHUTb, CCIM 3aaTbG 
BeJIMUMHOH op. IIpu snayenuu o, = 1-10 4—1-10°? gun na MoseKyny MH Tp 
jf =1 «IT /em® nopagox uuena n’ = 1-101?—1-10° cw? na | Kr Hanpaxe 
HUA pacTHHyToro OOpasila; WpH9STOM OOWad MOWayb MAaKCHMaJIbHO HallpAKeE 
HbIX YUaCTKOB B CeyeHHM pacTAHyTOrO OOpasila COCTaBUT BeJIMUMHY NOpAy 
seero 1-10°5—1-10°% uacru o6mero ceyeHua OOpasia. CorjacHo pa3BHBaeMbh 
MpeACTaBJICHHAM, SKCHeEPHMeHTaJIbHO ONpeslesseMad KpWBad «Harpy3ka — ye 
HeHHe» JOJDKHa OTPaxKaTb BEPOATHOCT YBeJMYeHHA YMCJIa CeKUMK KapKaca (71) 1 
pacTsmKeHuM OOpasila; 3TO HU OOycsOBMBaeT OO/bINOe 3HAYeHHe HCHbITAHUL MOJE 
MePHBIX BelULeCTB Ha pacTs2KeHHe — MeTOa, LIMPOKO IIpHMeHAeMOrO Ha IIpakTHKe 

6. Ipu usyyenuu ycoBult OOpa30BaHuA KapKaca WesecooOpasHo paccmé 
Tperh Tpu craquu. Ileppaax craqua — oOpa30BaHHve OTIEJIbHbIX H2C’og; Br¢ 
past| — B3aumojelicrsue HOC’os u BOSHHKHOBeHHe BHYTPeCHHHX CHJIOBbIX TOJer 
y PaBHOBeUIMBaeMbIX OTJ@JIbHbIMM YYaCTKAaMH KapKaca; TpeTbA CcTayqua — OOpe 
30BaHHe HeEMpepbIBHbIX «MPOOJbHbIX» (x) HW «MOMepeyHbIX» (Y, 2) CeKIMM Kaf 
Kaca. IIpu yBemuyeHuu KOHWeHTpalunH HOC’bl O2xKHEI B3aHMMOJCHCTBOBATE 
COeqHHAACh pyr c Apyrom. B csyuae nocweqOBaTeJIbHOrO—NPOJOJIbHOFO B3 
HMOJICHCTBUA JIOJIAKHbI OOPa3OBbIBaTbCA 2XeCTKHe, MaJIO PaCTAKMMble CeKIL 
KapKaCa; OTHOCHTeJIbHOe YVIMHEHHE STHX CeEKILMA JOJ2KHO COBMalaTb M0 Beds 
YHHE C OTHOCHTEJIbBHBIM YJVIMHeHHeM OOpa3ila, eCJIM IPHHATb 3a HCXOJHY? 
JWIMHY YJJIMHeHHe, IPH KOTOPOM OOpa3s0Baslacb JlaHHad cekiua. Ecau H9C’! 
OYAYT B3aHMOJeCHCTBOBATb CHataJla MapaJJIeJIbHO, a IOTOM NOCJIe€AOBAaTeJIbHO, 7 
B pe3yJIbTaTe BTOPHYHOO B3aHMOJeCHCTBUA MOMepeyHO HM MPOMOJIbHO ypaBHORs 
IUe€HHbIX YIPYrO PacTAHYTHIX CTPYKTYP JOJIXKHbI OOPas0BbIBaTbcA YIIpyro BH 
IIPAXKeHHbIe KOHTYPb!, Nocewyioulee B3aMMOeEHCTBHE KOTOPHIX JOJXKHO Tp 
BeCTH K OOpPa30BaHHIO TpeXMePHO YPaBHOBELIeCHHbIX Pa3BeTBJICHHbIX CeKDI 
KapKaca. 

Ilo kpaitueli Mepe, TPH MPHUMHI NOMKHbI OOYCIOBUTb CYIeCTBeEHHOe pé 
JIMUKe YWIMHeHHA CeKIMH pacTA»xXuHMOrO Kapkaca HW OOpasila: pa3suWuHaA H 
YaJIbHad aOcomIOTHad JWIMHa OOpa3sila HW CeKILMH; TpeXMePHOCTh cou ee 
CTPOeCHHA HM UCKPHBJICHHOCTh CeKILHH; HECOOTBETCTBHe MaKPO- H MHKpopactd 
*KeHMM, OCOOCHHO SHAUNTEJIbHOE WIA Pe3HH, 3arPpy2KeHHDIX HanOJHUTeIAMH (1 
Macuira6Haa monpaBka (A) yuNTbIBaeT COOTHOUIeHHe OTHOCHTeIbHOH WINE 
OOpasoBaBllleHCA CeKIHH (X_) H OTHOCHTeIbHOM JJIMHbI OOpasita (x), IpH KOTOpS 


x | 
n | 
OOpas0Baylach JaHHad CeKIMA A = sa» THE Xn< KX. Ilonpapka = yuMTbIBad 


OCOOCHHOCTh CTPYKTYPbl KapKaCa — TpexmepHOcTh ero crpoenusa (x, Y, 
MpOWobHOe paccrosHue (€) mexay HOC’amu B cekuHu, MOMmepeyHoe paccrTos 
HMe Mey CeKUMAMH OJHOrO HM TOTO %XKe KOHTYpPa (iy, iz) H UCKPHBJeHH 
MPOJOUbHBIX (jx) H MOMepeyHbIX (jy, jz) KOHTYPHO CBASAHHBIX CeKWM: m= fy + 


+2 — Jy-Tak Kak jx >1, jy, jz<1, i> e, ro = TakxKe JOMKHO ObITS OOMbIIe | 


Tperba macuiraOHad nonpaBKa © YUNTbIBaeT MOBbIIMeHHOe YAWIMHeEHHe MUKpe 
OObEMOB BYJIKAaHUSaTa, PaCNOJIOX%KeHHDIX MeXKAY uacTHWaMH HanowHUTeNS 


Xx 
¢ =~, Te X —cpeqund OTHOCHTeIbHaA JWIMHa MUKPOOObeMa Ip OTHOCHTEM! 


HOM JWiMHe OOpasiia x. BeneqcrBue yMeHbIeHuA MOMepeuHoro Ceyenua MpH pai 
TAYKCHHM OOpasila, MPOAOJIbHbIe CeKILMM AOJUKHbI YJVIMHATBCA 3a CueT MoMeper 
HbIX IPH COXPaHeHHH MOCTOAHCTBa HalIpA%xKeHUA KOHTYPa M CeKUMM KapKac! 
Buarogaps BHYTPeCHHHM IlepeMeHICHHAM «3J1aCTHUHOH Cpebly HalipsAxKenne ce? 
UMM OJXKHO YMeHbIUaTbCA; 3TO OObACHAET HEKOTOPble PewakCallHOHHble Ip} 
HecCbl WM pOcT OCTaTOUHBIX yIvIMHeHHH. JIA ypaBHOBeluMBaHHA NonepeuH 
CeKNHH KapKaCa CTeNe€Hb paCTAXeHHA MOBEPXHOCTHBIX CIOeB JomKHA 6bIT 
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yIECTBEHHO OOvIblleli, YeM B TvIYOMHHbIX CJIOAX, MCKWIOUaI BHYTPeHHHe M0- 
l@PXHOCTH pa3Jleda, re HallpAXxeHHA Take JOJKHbI ObITb 3HAUHTCJIbHBI. 

7. Bes JOnoTHUTeIbHbIX MpeqNONO*KeH HH MOXKHO YCTaHOBHTb COOTHOINeHHA 
ex]y MapaMeTpaMH, XapaKTepH3yIOUlMMH YMpyroe pacTaAxKeHHe NOJMMePHbIX 
JOJeKY JI, HW NapaMeTpaMW MeXaHMyeCKHX CBOHCTB JOCTATOUHO Me@WICHHO pacTs- 
aBaemMoH pesHHbl. Ecam OWeHuTb OOMLyIO WIMHY CeKI\Mii, MoscuNTaTh paboTy 
a ylpyroe pacTa»keHve y4acTKOB H yyecTb MacllTaOHble NOMpaBKH, TO MOXKHO 
BIBeECTH CJleLyrouly!Io opmyvry: 


By = Tee = Seine cae (3) 


e Ay — paOora pacraxkeHua, ompeleineman rpadbuyeckuM HHTerpupoBaHHem 
CNePHMeHTaJIbHOH KPHBOH Harpy3Ka — yIMHeHHe, B KI -cm/cm °; a — no- 
PpaBKa Ha paOory, HeMocpesCTBeHHO 3aTpayHMBaeMy10 Ha 9HTPOMHHHYIO ecop- 
‘allHiO MOJMMePHbIX MOJeKy. PaOora, 3aTpayHBaeMad Ha 2HTPOMMUHYIO Je- 
JOPMallWt0 OCHOBHOH YaCTH MOJIeKYJI, IPH MCMbITaHHAX Ha PacTAKeHHe OLpe- 
eleHa ObITb HE MOXKET, TaK Kak MepeaercH JONOTHHTebHO 4Yepe3 KapKac; 
KOBO [ipeqBufeHHe MeXaHHuecKOH Teopuv. CreneHb Ciaya HallpaAxKeHHA 
CaMOM HauaJle COKpallleHHA CHJIbHO paCTAHYTOTO OOPa3ia MOXKHO OMpeAeJIHTb, 
cau 10 opmyuie (2) Oe€HHTb 4YNCIIO CeKILMH HW BBECTH MaCIIITaOHbIe MOMpaBKH 
x i 


PTR Sea aad ) 


“oO 


) 
| 


ye E, — HepaBHOBeCHbIi MOAY/Ib yMPyrocTH, OMpeesIA#eMbIH MO HaKJIOHy KpH- 
so COKpaljenua B KI'/cm?, 3Hayenue Eg unceHHO paBHO cnaky HanpsKeHHA 
[DH YCJIOBHOM coKpalleHun o6pasiia Ha 100%. Hecmorpa na rpy6pie joryute- 
IMA MIpH BbIBOxe dopmys (2), (3) u (4), SKCMepHMeHTaJIbHbIe pe3syJbTAaTHI, 
IOJIYYeHHbIC MPH UCNbITAaHHH WHpoKorO HaOopa Pe3HH PasJIMUHbIX CTPYKTYPHbIxX 
[HNIOB, B TOM UHCJIe HaMOJHeHHbIX, JOCTATOUHO XOpOWIO corJiacyloTca c mpey- 
3HJICHHAMH ~Me@XaHMYeCKOl TeOPHU pacCTAKeHHA MOJMMepHbIX CHCTeM. 

8. OrnocutesbHad oma (q) ympyro pacTAHyTbIX YyuacTKOB MO*KeT ObITb 

ERS 
yeHeHa 10 dopmyule: 4 ~ 10-6," rye F = fx, so —adPekTuBuad Mioulab ce- 
ieCHHA MOJIeKY Jbl HATYpaJIbHOrO KayUyKa, So= 25-1018 cm? npu F = 1- 10% KT /cm? 
io,=0,25-10% gun, «Koa:iulveHT HepaBHOMepHocTuy y~ 1%. 

CylecTBeHHO OTMeTHTb, YTO THNOTesa KapKaca OCHOBaHa Ha Mpesnosox*Ke- 
MM O06 O4eHb OOOH MpOUHOCTH MOJIMMepHbIX MoOveKy (%). Pa3BuBaemble 
ile MOFyT ObITb HCMOJIb30BaHbI Jit paspaOoTKH MporpaMMb! paOoT B OOsacTH 
IOJIMMEPHbIX WH HEKOTOPbIX TBEPAbIX TE. . 


Tlocrymuato 
26 XII 1957 
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PHSHYECKAH XHMH)} 
M. Bb. PABHHOBHY u B. A. TOPBYLIEHKOB 
H3OTONHbIN JPOEKT B KPHTHYECKOMN TEMMEPATYPE 


(ITpedcmaeaeno axademuxom A. H, Ppymkunoim 19 II 1958) 


JIurepatypuble JaHHble O BJIMAHMM M3OTOMHOTO 3aMellleHHaA Ha KPHTHYeCK 
BeJIMYMHbI OYHb Orpanvyuenbl (Tabs. 1), WM 3aKOHOMepHOCTH 9TOrO BUJIMA 


Ta6auuna ft 


Kpurnueckue MapaMeTpbl H30TONMHbIX coe HHeHHH 
2 Be 
9 g oat g g 9 
Seale ene pe = Secs Bo (teeth ee ules tae 
g ‘ Seles EI aut eeTS 
Rs ae < 3 = a Sigtale pie ES 
He? | 3,34() | 1,15) | 73,024) || HCI [324,2] HeS | 373,3 H3P [325.1 
Het | 5,26(°) | 2,26(8) [57,8 (2%) |} DCI [3235] D»S | 372,2(8) DsP 1323, 
H, 133,24 (4) 4280 (1)| 66,9 (12) | HBr |363,4|) HySe| 414,4 HAs (373. 
HD [35,94 (4) [14,64 (4) | 62,8 (4) | DBr [362,0 DoSe | 412,4 (8) DAs 1372 
D, (38,35 (5) [46,43 (5) |60.3(4)*] HJ [423.9] H,O | 647.4  [218,5] 55,6] HgN [405.4 
DJ |421;8] D,O| 644,7 (*) [218.6] 55,2] DgN |405, 


| 
| 
ele He sicHbl. Brio nmoKxasano, (°), uro B page H,—HD—D, c pocrom 
MoslIeKyJInpHoro Beca (M) pacter kKpuTMyecKad Temnepatypa (T),) H Ona mph 


OJM3HTebHO MpsMOuMHelino saBucut ot 1/YM . Ognaxo samenenve Bozo; 
powa yelirepvem B H,O (7), PH; nm HBr (*) BpispwBaer oOpaTupiit sppext — 
nMOHMaKeHMe T';. 
B jaHHoH paOote cpaBHeHbl 7, OMHHaWaTH WelTepocoesquHeHui (Ta6a. 2) 
MUX BOAOPOAHHIX anasoroB. CuHTes eliTepoxsopoopMa onucaH B (1*), a WeliTepo 
cnuptTos — B (1°). Jia nosyueHna JeHTepOHHTpoMeTaHa OObIYHbIN HATPOMeTaH MHO 
roKpaTHO oOOmeHuBaicad c 0,02 M_ pacrsopom NaOD gs D,O npu 110°C 
gamladHHbix amuysax. Jleiirepoben301 C,D, Hu MeTuselTepodex301 C,D;CH.z 
MOTyuaHcb B pesyJIbTaTe J\WIMTeJIbHOrO MHOrOKpaTHOrO OOMeHa c 52 MOLI. % 


pactsopom D,SO, B D,O. Bemlectsa TilaTeJIbHO OUNIaMCb UM O6e3BO2%KUBAJNC, 


TInoruoctb (9°), MoKa3aTevib MpesOMseHuA (np) MW TeMMepaTypa KHMeHHA BO- 


JOPOAHBIX COeAHHEHHHM OTBeUaIH HajlexKHbIM auTepaTypHbIM aHHbIM (27). ¢ Tom 
HOCTbIO, COOTBeTCTBeHHO: |-10°* r/cem?; 1-10°4; 0,1 — : 

Tx ONpelemalacb MO WCuesHOBeHHIO NOABUIeHHIO MeHTICKa. Metoquka & 
amnapatypa ObIJIM CXOJHbI Cc ONMCaHHbIMH B (’). KarkbIM BelIeCTBOM HalloJ- 
HAJMCb TPH KaMMJWIAPHbIX aMIlyIbl. Kanvuiapbl C H30TONHbDIMM aHaloraMy 
HaXOJWIMCb B TePpMOCTaTe B OJMHAKOBBIX YCJIOBHAX. C KaxkOH Mapol Takux 
KalWJIApOB NpovsBoyuiHcb 20 usmMepenul. Hapaay c u3mMepeHnamu pasnocteh 
AT; =7TxH— Txp MpOusBORMMCch OnpeseeHuA aOcomoTHBIX sHaueHHi T. B 
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* Sra BelMuHHa OTHOCHTCA K Jelireputo, cofeprxxamemy 0,022 n-D2 u 0,978 0-D2 


TaOauna 2 


Hsotonnpili adpdexT B KpuTHuecKoli Temllepatype 


EN x BM 
xs SS se | & Se. 
Bemectso ar (Atk: Pan. a al BemyecTBo aie & aR 
* : o M4 * - 
a es < = Golesi x 
bHe 0 062,41} 88,87} C.H;OH 0) 015,8} 58,36: 
‘De® 91/1,4%** | 560.7] 88.691 Bae ike 
CyH,OD 98} ’ | 514,9| 58,45 
sHsCHs 0 ar 994, 0/106, 29] CHs (CH2),0H 0) 037,41) 74,79: 
. KEK 1 ,0 
s$D;CHs* 65 993, 0/106 , 20] CHs (CHy)2,0D 99 536,1| 74,89: 
AgNO, 0 a 588 ,0| 53,65} (CHs),CHOH 0 508 ,7| 76,55 
; (0), 3 
peNOs* 96 087 ,0} 53,66} (CHs);CHOD 99 508 ,4| 76,67 
ACs 0 Aa 036 ,8] 80,17} CHs(CHz)s0H 0) 060, 9} 91,56. 
ae 0 , ° 
DCls 98 535,9| 80,19] CHs(CH»);0D 98] | 560,4] 91,73: 
AsCOOH 0 é 594, 8] 57,24! (CHs),CHCH,OH 0 SAS) Ail SPA 
5a O83 
AsCOOD 99 094,41] 57,27! (CHs),;CHCH,OD 97 949 ,4| 92,67 
| CH3CH2zCHOHCHs3 0 Do6, 1| 94,90) 
0,4 
CH3CH,CHODCHs 96 Salt 92,43: 


| * Hsyuapuiulich mpokyKT He TOYHO COOTBeETCTBOBa (popmysie, a comepxKa TaKxKe: 


SOTOMHBIE aHaJIOrH C MCHbIUMM 4HMCIOM aTOMOB JeHTepua. 
** B rpynme HM Kobe, re OH 3aMellaca. 
*** Tp mHHenoH skcTpanonauuu no 100% D AT, =1,6°. 


*** Tip 100% D AT, =1,5°. 


myyaix, Kora OHa He Mpesbiiuasa 300°C. Pesysbratp (Tab. 2) AIa BOLO 
OJHbIX COeCJMHEHHH COOTBeETCTBYIOT Cc TOUHOCTHIO V,1—0,2° 3HayeHHaM Ty, 
PHBeeHHBIM B OO30pe (1°), KaK HavOo/Iee JOCTOBEPHbIM H3 JlaHHbIX psa aB- 
opos. Brie 300°C usmepsumcb TombKo AT,, a 3HaueHud TH B3ATHI 3 (1°). 
(JIA BCeX BeleCTB KBapaTHuHaA olmMOKa ompeyesenua AT, COCTAaBIAeT OKOJIO 
1°, uTO JA OyTaHOJIOB HW Uu30TponaHosa oTBeyaeT 20—30%, a aA ocTaJb- 
bIX BellecTB — OKOIO 10% oT BennunHb! AT,. 

Mp! BO BCeX CJIyYaAX Halll, 4TO, 3aMelleHMe JIerKOrO H30TONA THA?KEJIbIM 
qaKkaeT T,. M13 qanHpix Ta6v. 1 BuHO, 4YTO, 3a HCKJIOURHHeM rea UM BOJO- 
oa TaKOH Ke MO 3HaKY M30TOMHbIN apdekT BT, HaOmoqaeTCH WH y pauHee 
CCIE OBaHHbIX BelllecTB. TakHM O0paa0M, WIA BeULeCTB pa3JIMYHbIX KJIaccoB 
SOpraHWueCKHX HM OpraHWyecKHX CoeMHeHHH B OONACTH CpeqHUxX TemMMepaTyp 


DOTHOILIEHHE 
Typ <T xu, (1) 


0-BHJIMMOMY, ABJIAeTCA OOmleH 3aKOHOMepHOCcTHIO. IIpHMeHHB H3BeCTHbIe paBeH- 
ra a = 27R°T,/64P, wu a= ORT ,V/8, rae a— noctosnHas Ban-jep-Baaup- 
1, HMeeM: 


EDs Ten (2) 


fie Te aP es 
Dee ee os (3) 
ayy (TLV dy 


Jlna W30TOMHBIX aHasloroB BOsbI, corsacHo (3), ap/au = 0,989. Jlna nei- 
pocoeHHeHHli, MpwBeyeHHbIX B TAG. 2, Vx HIM Px He U3y4aJHCh. IIpn6sm- 
enHoe mpenzctapsienve o pasmmund Vp u Vy B oOsacTH Tx MO%KHO MOJLYUMTE. 
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10 3HaveHHAM OOBEMOBM cCpeHHX KOIpPPMUHeHTOB TePpMMYeCKOrO paciuHpeHr 
ap HM oy Mpa Somee nuskux 7. Hamu Gola w3MepeHa MIOTHOCTh Yyka3aHHbb 
BellecTB B WHTepBasie 293—343°K, yepes 5°, m BpruncueHbI V u a. 

Kak BYqHO 43 TaO. 2, pu 293° y xsJopodopMa, HUTpoMeTaHa HM yKCyé 
HOM KVCIOTbI B Mpeyenax owm6Kn onpesenenna (0,05%) Vp =Vu. ¥ C,Dal 
C.D;CH; Vp Mmenbuie Vy Ha 0,1—0,2%. Sto OObACHAeTCA TeM, UTO MP 
KOMHaTHOM TeMMepaType y JaHHbIxX COeAMHeEHMM Ha MOJIpHbI OObeEM elle 33 
MeTHO BJIMAe€T YMeHbUIeHHe aMMVJIMTYbl HYJIeBbIX MOJICKYJIAPHbIX KOseOaH 
rip gamemjenuu H na D (74). Y cmuptos, Haodopot, Vp mpespiliaeT Vu 
0,1—0,2%, UTO, BepOATHO, ABMIAeTCH CJIECTBHEM YBeJIMYeHHA CTeNeHH acc 
Lal MOCpeACTBOM BOMOPOAHOH CBA3H MPH 3aMelleHHH BOMOpOa rHAPOKCHs 
nelirepvem (1%). Oguako npw 7, OMM3KHX kK Tx Me€pe4HCJICHHbIX BeLIeCTE 
Koraa BemuunHbl Ayv* Masbl mo cpaBHenvio c kT, a accolMallMu MOUTH HeF 
BJIMAHMe OOOHX yKa3aHHbIX (pPakTOPOB OJVKHO ObITh HeSHauMTeJbHbIM. Busy 
yeHHOH o6sacTu (293—343°K) Bo Bcex clyyaix &p >%H, HO MX pa3/MUK 
HaCTOJIbKO Malo, UTO MOKeT MaTb Pa3HHly B HW30TeEPMHYeCKHX 3HaveHMs 
Vp wu Vu nopagka 1-1074% Ha rpagyc. Kpome toro, c NosbuleHHem T J 
T, 3HaYeHH ap HM %y, BCeACTBHe OCaG CHA MexKMOJIeKyJApHOrO B3aKMOjel 
CTBHA, OYAYT CHJIbHO COIMKATbCA. CrleqOBaTeJIbHO, MMeIOTCH OCHOBaHHA TIpes 
HONOXKUTL, UTO Y BeWECTB, 2KHJKKUX pH cpeqHHX TemmepaTypax, B o6vlacT] 
ux T, Hc TouHOCTHIO 20 0,1% 

Vp = Vu. (4 


Ycuosue Tx,p < Tx, MOKeT TOJIbKO JaTb CHHKeHHe Vxu,p OTHOCHTEJIbHO Vid 
HO He OOpaTHbI pesymbTat. Tak uTo, BBMLy (4), BepoxTHO, 


Vu, ca Vg kie (4 


Torga qin coequnenui, y KoToppix AT, cocTaBaseT oKoJIo 1°, u3 (3), (1) 
(4) HaxoyMM: 

ap <u, ( 
oTKyjla, BBMAYy (4), ceaqyeT, 4TO 


Tp <TH, (a 


rye = = a/V? — BHyTpeHHee JlaBsieHve. TakuM OOpa30M, pH cpequHHx 7 3amé@ 
mleHve BOJOpoya aelirepuem, 110-BAJMMOMY, NIpHBOJMT K CHY2KeHHIO BaHepBaaJli 
COBOrO B3aHMOeHCTBHA. 

C TOUKH 3PpeHHA MpHpOMbl JMCMepCMOHHbIX CHI 9TO CJleqyeT U3 ypaBHeHT 
Cnerepa u Kupksyfa (7%). IIpumenus nocieqHee K U30TOMHbIM aHasloraM 
3aMCHHB B MlepBOM TpuOsmKeHMM (rp/ry)?, THe r— paccTOAHMe MexKLy Mow 
Kysiamu, Ha Vp/Vy, nonyuuM: | 


ep (Va 
oy 


(] 


re € — MeXKMOJIEKYIAPHaA JMCHepCHOHHaA 9Heprus, %» — cTaTHYecKaa MoOsApE 
3yeMocTb. CHWxKeHHe HyJIeBOM 9HeprHH COOTBETCTBYIONMX ATOMHBIX CBA3eH MP 
3aMeINeHHA BOMOpOsa WelTepHeM BbI3bIBAeT MOBBIIeCHHe YaCTOT IJIeCKTPOHHbh 
mepexoqos. Kak caeqyeT u3 ucnepcvonnoro ypaBHennsa (1%), sTO NpHBORUT | 
CHIDKEHHIO TIOJIAPH3yeMOCTH, TaK KaK BCJIeACTBHe HJCHTHYHOCTH 3JICKTPOHHbb 
O6OMOUeK BePOATHOCTH 3JICKTPOHHBIX TMepeXOMOB Y M30TONMHbIX aHaJIOrOB JO. 
KHbI PasJIMYaTbCA HESHAYHTEJIbHO. CuHwpxkeHve MOJApH3yeMOcTH Mp 3aMellleHH 
BOMOpoMa eHTepHeM YCTAHOBJICHO Tak2%Ke SKCMeCPHMeHTAaJIbHO JIA BORbI (1°,2%F 
nepekuicH Bogopoga (?°), GSeH30a M WukoreKcaHa (74), neliTepostanos (24 
Hapsajy c 3THM, MpH cpeqHHx TemnmepaTypax y BCeX H3yYeHHbIX BeLeCcTT 
Kpome C,D,2, CgsDg a CgD;CH3, Vp Vu. Y mocneqHux mpH KOMHaTHBIX | 
Vu mpespituaetT Vp Ha 0,1—0,2%, HO 3TO pasMUHe B MpOWeHTHOM OTHOLIY 
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(4H B HeCKOJIbKO pa3 MeHbIe M380TONHOrO adpektTa B &, (74), Orcioza, BBULY 
7); cmeyyeT, uTO 
|e>|<|en|. (8) 

; Ha cHwxKeHHe BaHJepBaaIbCOBOrO B3aHMOJeliCTBUA IPH 3aMelleHHH BOZOpoa 
(eHTepHeM YKa3bIBaeT H TO, UTO TPH 9TOM YBeJIMYMBaeTCA CxKHMaeMOCTD (1°). 
ee MpouHocTho cus Bau-jep-Baabpea y melirepocoeqMHeHH, M0 cpaB- 
eHMIO C HX BOJOPOHbIMH aHayloraMH, MOXHO TakxKe OOBACHUTb OOsbIIMe 3Ha- 
(CHUA &% Y MepBbIXx. 

OyHako ONMcaHHble H30TONHbIe apPekTbl B Q, T HM ¢ HM, TEM CaMbIM, BbIBOLL 
) CHM2KEHHM BaHJepBaaJIbCOBOrO B3aHMOJIeHCTBUA Ip 3aMeUleHHH JIerKOrO 30- 
‘Ola =TAXKEJIbIM HeJIb3A pacmpocTpaHHTb Ha OOacTb HM3KHX TemmMepaTyp. 
3BULy TOO, 4TO MPH HX aMIVJIMTYy]a HYJIEBbIX MOJICKYJAPHIX KoJleOaHnit 
ye3KO BJIMACT Ha MOJIbHBI OObeM, MOCeAHHH y XUAKOrO TPUTHA, MelTepua 
t He* s3naunTesIbHO MeHbIIe, 4YeM Y UX JIerKHX aHasIOrOB MpH TOM xe 
semliepatype. Hanpwmep, aaa D, u H, npn 19,5°K coorsercrByroman 
yasHMa = cocTaBseT oKOO 17% (*%). B 9THx cuyuanx pa3JIM4He MOJIb- 
(bX OObEMOB MpeBasIMpyeT Hall CHW>KeHHeM NOJAPH3yeMOcTH, M Tora UB (7) 
lenqyeT, UTO Y *KHAKUX D, u He* pucnepcMoHHoe B3aMMOJeHCTBHe CHJIbHee, 
(eM, COOTBeTCTBeHHO, y H, nu He®. M30Tonupmt addexT B KpHTHYeCKHX Mapa- 
fetpax D, u He® nmoKka3plBaeT, TO 3TO MMeHHO Tak. Ilof~cTaBuB 3HayeHHA Px 
t 7, B (2), nonyamm gna D, uw Hy: ap/ay = 1,037, ana He* u He?: a,/az= 
= 1,26, mpwuem B TO BpeMA KaK MPOMeHTHaA PaSHHIla MOJIEKYJIAPHbIX BeCOB 
IZ0TONOB y BOJoposa B TPH pasa OoubUe, YeEM Y TeJIMA, MpOMeHTHOe pasIMuNe 
r., Px WM a, Haodopot, B 3—7 pa3 Gombe y H380TONOB reJMA, SOTO 3aBHCHT 
)T OCOOeHHO HU3KOH JT, y mMocseqHero. [lockoJbky B OO/acTH HM3KHX Temmle- 
MATYP TAKEJIbI W30TOM WMee€T MeCHbIIM MOJIbHbIM OObeM, YeM ero JIerkul 
\HaJIOr, TO, COPIaCHO COOTHOWeHHIO Tp/TtH = (Ap/au) (VH/Vp)?, BAA BOROposa 
{ TeJIMA WUMeeM: Tp > TH UM Ty > Tz. 

TakuM o6pa30M, pH TeMMepatTypax B OOJIaCTH CyIeCTBOBaHHA %XKUDKAX 
eA WM BOWOpOMa, 3aMeHa JIerKOrO M30TONAa TAKEJIbIM MPMBOAMT K YCHJICHHIO 
AH JePBAaJIbCOBOTO B3aMMOeHCTBHA, T. e. K OOpaTHOMy apeKTy, MpoTHBONO- 
1oxwKHOMYy addekTy MpH cpexqHux TemMMepaTypax. 

Beipaxkaem GOsarofapHoctb u.-Kopp. AH CCCP A. WU. BpogcKomy 3a 06- 


yoKjlenve pesyibTaToB u C. JI. Papukopwuy 3a MeTOAMYeCKHe COBETHI. 
HayuHo-necegoBaTebcKHit MHCTHTYT XHMHH Tlocrynua10 
TopbKoBcKoro rocyapcTBeHHOoro yHHBepcuTeta 28 XII 1957 
um. H. V. Jlo6auesckoro 
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PH3HYECKAA XHMH 
A. A. TATEP, M. B. KHJIAMOTKHHA u A. H. CYBOPOBA 


ONPEJEJIEHHE YJEJIbBHOH MOBEPXHOCTH UH OBbEMA IIOP 
TBEPJbIX NOJIUMEPHbIX COPBEHTOB 


(I1pedcmaeaeno akxademukom B. A. Kapeunorm 26 AIT 1957) 


Pa6otaMu NOCsIeqHUX JIeT YCTAHOBeHa ONpeseJIeHHaH B3aHMOCBA3b MOK LY) 
TePMOJMHAMMYECKHMU 3aKOHOMEPHOCTAMH IIpOleccOB PpaCTBOPeHHA MOJIMMePOB: 
HM HX *u3HyecKHM CocTOAHHeM. Tak, B3avMOJelcTBHe pAya CTEKJIO0O pasHbIX | 
MONHMepoB C HH3KOMOJEKYJIAPHEIMH XAHAKOCTAMM (MOHCTHPOM (*), TOHMeTHJI-| 
metakpusar (7), Wemono3sa (*) H Ap.) COmpoBoxaeTca BbieseHHeM Tella 
pe3KHM YMeHbIUeHHeM 9HTponMH copOupyioumlelica wuZKocTH. Takoro pola) 
W3MCHEHHA XapaKTePHHI JIA MpOWeccoB aCOpOlMH WapoOB TREPALIMH MOPHCTEI | 
MH copOeHTamn (3), B CBA3H C 4eM ObIJIO CeaHO 3akJOUeHHe, UTO YKaSaHHble 
NOMHMepbl, HAXOMACh B CTeKOOOpasHOM COCTOAHHH, BeyT CeOA Kak MUKpOrIO- | 
pucrbie cop6entH. Mux pomopHcrToctb TakKHX MOJMMePOB e€CTb pesyJIbTaT HEIWIOT- | 
HOH (pbIxXJOH) yNaKOBKH MX MakKpOMOJIeKy.JI. OQHOBpeMeHHO OblIO NOKa3aHo, | 
YTO IPH COPOWMM MapoOB NOJMBHHHIOBbIM CIMPTOM HaOJlofaeTca MOrMOUeHHe 
Tella H HeOObWOe yBeIMYeHHe SHTPONMH COPOHPYIOMLeHCA XAAAKOCTH, TO 
ObIIO MOCTaBJICHO B CBA3b C MIOTHOH yNakKOBKOH MaKPOMOVJIeKYJI STOO MOI 
mepa (1). Bce 3TH paOoTbI NOSBOJIMJIM BbIBHHYTb HOBY!O MOCTaHOBKY BOMpoca 
© MIpOM@XKYTOYHOM MOOXKEHHH BbICOKOMOMEKYAPHbIX COCHHEHHM Me2KJly HHS 
KOMOJICKYJIA PHBIMH XKHKOCTAMH H KOJJIOHHbIMH CopOeHTamH (1). BamxKe K HH3- 
KOMOJICKYJIAPHbIM 2%KHAKOCTAM PaCMOJIOXKeHb! BbICOKOSIACTHYeCKHE TMOJIMMePbi 
C rHOKHMH WeNAMH, NOTOM UAYT BbICOKOMOJIeKYJIAPHble CTeKJIa C MWJIOTHOM yila-' 
KOBKOH, MOJIMMePHble PbIXJIO yMaKOBaHHble CTeKJIa H TBEPAble MOPHCTHIe cop6eH- | 
Tbl THMa AKTHBHPOBaHHOrO YyIviA MW CHJIMKares. 

YunTbIBaA OObWOe CXOJCTBO B PaCTBOPeCHHH 3JaCTHUHDIX MOJIMMePOB C HH3- 
KOMOJICKY JIA PHbIMH 2KHAKOCTAMH, B TeyeHHe ocMeqHuX 20 eT K pacTBOpaM 
3THX NOJIMMepOB YCIIeWHO MpHMeHAJIH TePMOJHHAMHYeCKHe 3aKOHOMEPHOCTH, 
paspaOoraHHble JIA HCTHHHbIX PaCTBOPOB HH3KOMOJIEKYJIAPHbIX COeMMHeEHUH (*). 
OjHakO 3TH 3AKOHOMEPHOCTH OKa3aJIHCb COBEPWIeHHO HeNPHTOHbIMH Mp pac- 
CMOTPeHHH MpOleccoB pacTBOpeHuA HW HaOyX aHHA CTeKOOOPa3HbIX MOHMepoB (7). 
B uacTHOCTH, MOJIO*KeHHE O TOM, UTO WIA P&CTBOPOB, B KOTOPbIX OHH H3 KOMMO- 
HEHTOB MMeeT OOUIbIUHe Pa3MePbI MOJIeEKYJI, XAPakTePHO pe3kOe YBeMMYeHHe 
S9HTPOMHH, BO MHOFO pa3 IpeBbillalolee UeaIbHOe 3HaueHHe (°), He MOXKEeT 
ObITh B OOMIEM Bue Mpu3HaHO MpaBHJIbHbIM. 

Bce 9TO yKa3bIBaeT Ha HEOOXOMMOCTH pa3spaOoTKH HOBOrO Cnocoba NOAXosa 
K IIpoleccaM B83aHMOeCHCTBUA BbICOKOMOJI€KYJIA PHBIX CTEKOJI C PACTBOPHTeJAMH. 
TakHM HOBbIM NOLXOJOM MOXKeT ObiTb NOAXOR K MOJMMepaM, HaXOJAMUMCA B 
CTeKO00pa3HOM COCTOAHHH, KaK K TBePJibIM COPOeHTaM MH IIpHMeHeHHe K HUM 
MeTOJOB, IMO3BOJIAIOUJMX KOJIMYECTBEHHO OMCHHBaTb UX MOPHCTOCTb. 

OHUM W3 TaKHX MeCTOJOB, NOJYYnBINNM OombWoe pacipocrpanenue, ABJIA- 
eTcHh COPOMMOHHDIN Mero. OjHako w30TepMbI COpOMUH, NO.yYeHHbie JO CUX 
MOp, H€ MOryT OMHOSHAYHO CBUJeTeIbCTBOBaTb O NOpucTrocTu nomuMepa. Heoz- 
HOSHAYHOCTS OOyCOBIeHa JBYMA WpwinHamu: 1) BO Bcex ombirax OpasuCch 
Mapbl KUAKOCTeH, B KOTOPHIX NMOMMMepbl HAOYXaJIH: TO ECTb B Mpomecce copounn 


HM€JIO MCCTO H3MeHeHHe CTPYKTYPbl CopOeHTa; 2) cop6upyroulad cmocoOHocTE 
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NowMMepa B Cilyyae HaOyxXaHHA ONpeleAeTCA He TOMBKO CTeEMeHbIO ylakOBKu 


GLAM 08 RBA 16 WA ee G6 «8 10 
iy ———————— a 
2 % 
Puc. 1. M3o0repmpr cop6muuu merusoBoro Puc. 2. V30repmpt cop6uuu w-rekcana. 1 — 
cnupta HanomucTtupome. J — moun. Bec Wemo03a, 2 — NOMMBUHMOBbIM cnupT, 3— 
456000, 2 — mon. Bec 133000 TPHAalleTH IMME MIONO3a 


mapHoro Beca 140000, nomuBuHMIOBbIM CnupT MoseKyaapHoro Beca 17000 u 
TPOMBILLICHHbIM JIMHTep. B KayecTBe HHEPTHbIX XKUAKOCTeH WIA MOMMCTHpOsa 
)bIL BSAT METHJIOBbIM CIMPT, WIA OCTaJIbHbIX NOJMMepoB — A-rekcaH. Cop6Ouna 
TapOB 9THX WUAKOCTeH XOPOWO H3yyYeHa Ha AKTMBHHIX YIIAX WM CHJIMKAareAXx 
6’). Jina uccleqopaHuA MpvMeHsAsacb ycTaHoBKa, omucaHHaa pauHee (2). 
-aBHOBecHe IIpH TemMmepatype 25° ycraHaBuMBaocb B TeyeHHe 3—D) uac. Pe- 
sVJIbTaTbI H3MePeHHH MpHBeeHb! Ha puc. | u 2, u3 KOTOPHIX BUAHO, UTO H3OTep- 
(bl Ppa3sJIMUaIOTCA MexK]y coon. 

H30Trepmbl copOuuu MeTHsIOBOrO CiupTa Ha NOMWCTHpOme HM A-rekCaHa Ha 
[eJIJIIOJI03€ HCHTHYHbI H3O0TEPMaM COPOWHH NapoB 3TUX 2Ke XWKUKOCTeH Ha CHJIH- 
caresie (°). CormacHo kaaccudukaunn A. B. Kucenespa (*), rakoli Buy, H30TepM 
OpOluu XapakTepeH JIA OAHOPOAHO TOHKONOPUCTHIX cop6eHToOB. B 9TOM cJly- 
ae JIA MaJICHbKHX MOJICKYJI MeTHJIOBOrO CIMpTa HaOwOaercH HeOOMbIUON 
OpOWMOHHbIM ructepesuc. Ms3orepma copOuuu A-rekcaHa Ha MOJIMBHHHJIOBOM 
MMpTe HalOMHHaer W3OTePMbI, MOJYYeHHbIe Ha HeEMOpHCTbIX CoOpOeHTax (*). 
{akOHell, WIA TPHAILeTHJMeITIONOSbI MOyueHa THNHUHAaA S-oOpasHasd u30Tep- 
(a C BbINYKJIOCTbIO MO OTHOLWICHHIO K OCH OPJHHAT MPH MaJIbIX OTHOCHTCJIbHbIX 
aBJICHHAX Mapa HM BOrHYTOCTbIO — TIpH OoubUwux. Takue u30TepMbl XapakTep- 
bI JJIAd Oosee KPyMHOMOpHCTHIX COpOeHToOB. Takum oOpa3om, 3 paccMOTpeHUA 
HeIUHerO BHA H3OTEPM CIeELVeT, UTO NOJMCTHPOW HM WeJVIIO08a ABJIAIOTCH TOH- 
ONOPHCTbIMH COpOeHTaMH, TPHalleTHILMe110103a HMeeT Oosee KPYNHbIe NOphl, 

NOJIMBHHMWIOBbIN =COupT — HeMOpHCTHI copOeHT. OTH MaHHble MOJIHOCTbIO 
BMALaoT C pesysIbTaTaMH MpexKHHX HCCeAOBaHHH, COracHO KOTOPbIM MOJH- 
upon (1,2°), rpnalerusmyetuo10ga (') HM Wesionosa (°) HMeloT PbIXJIyIO yia- 
OBKY MOJICKYWJI, a NOAMBMHMIOBbIIt CIMpT ynakopaH mioTHo (*, “). U3 puc. | 
1elyer, uro H8oTepMa CopOuun OOpasila MOMeKyApHoro Beca 133000 mpoxo- 
AT HWXKe H3OTePMbI OOpasna MOJeKyJIApHorO Beca 456000. Oro cBuseredb- 
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cTBYeT 00 YBEJHYCHHM Pa3sPbIXJIEHHA C POCTOM MOJIeKYJAPHOTO BeCa MOJIMCTHPO- 
jla, UTO HaOwiolaocb Mu paHee (1). 

Mbt cyeslaid MOMbITKy KOJIMYCCTBEHHO OICHHTb CTeMeHb MOPHCTOCTH 3THX 
HOJMMePOB, HCHOI3YA NIA STO Menu MeToAL! BOT u M. M. {y6uuuna 4 
JI. B. PanyurKesuya. 

Kak v3BeCTHO, OCHOBHOe ypaBHeHue BpyHayspom, Ommerom 4 Tevlepom 
(BOT) Opto BEIBeTeHO Wid S-oOpasHbIX H30TEPM ancop6unuu (7%). OqHako B pxze: 
paOor 9TOT MeTOX (OpMaJbHO IIPHMeHACTCA AIA MOACueTa YAeIbHOK MOBePXHO-| 
CTH H OO6beMa MOP COPOeHTOB pa3HOH cTe- 
M€HH MOPHCTOCTH, BIWIOTb JO HEMOPHCTbIX: 
cop6euTos Tuma BaSO, u PbSO, (*). Meroy; 
Yyembuble MoBepxHocTH uw oObembsl Nop M, M, JlyOunnna u JI. B. PanyuKesuya 
IIPHMCHMM JIA TOHKONMOPHCThIX COPOCHTOB.| 


Tao6nuna 1 


ot aN Eg B nawux caysaax ypaBHeHue BOT) 
eee PpHMCHHMO B  O6aCTH OTHOCHTEJIbHEIX, 
WB. 456000 61.09 | 0.0345 fapseHui oT 0,05 no 0,03, TO ecTb B TOK 
Hosnuerupoa o6lacTH. B KOTOpOH OHO BoOOmle MpHMe-} 
.B. 133000 30,52 | 0,0154  uMMO. YpapHenve M. M. Jly6nnuna ui 
pe a 42,64 | 0,0323 JI. B. Paylyuikesuua IpHMeHAMO B OOacTHt 
aoe 50.69 | 0.0338 MavIBIX OTHOCHTEJIBHbIX JaBJeHuii napa. 
swe anORn: 3 B ra6m. 1 mpuBeqeHbl paccuuTaHHbi 
cnupT 3,59 a BeJIMYHHbI YeJIbHOM MOBePXHOCTH MU OOb 


* €MOB TMOp JWIA HCCeOBaHHbIX MOUMe 
pos. H3 TaOnmubi caeqyeT, TO BBICOKOMOMeKYIAPHBI MOMHCTHpOM, Wed 
JUO034 WH TPHAaleTHIMeIIO03a MOryT ObITb OTHeECeHbl K TOHKOMOPHCTHI 
copOeHTaM C MaJIO pasBHTOH yAebHOH NoBepxHOCTbIO. C yMeHBIIeHHem MG 
JIeKYIAPHOO BeCa MOMMCTHPOa yebHad MOBEPXHOCTb HM OObeM MOP YMeHE 
wlaiorcs. O6bem Op y BbICOKOMOeKYJIMPHOFO MOMMCTHpOMa CocTaBIAeT OKONE 
1,5%, y Weltuonosb 3%, a y Tpnatlerumnermom0sbl nopaaKka 8% or oOulers 
o6bema NomHMepa. YJeJbHad MOBePpXHOCTh NOAMBUHUJIOBOFO CHUPTa O4eHb Madié 
H COOTBETCTBYeT BeIHUHHaM YJlebHOM NOBEPXHOCTH HEMOPHCTHIX COPOeHTOB (°®) 

Tlony4eHHble pesyJIbTaTbl CBUTEAbCTBYIOT O BO3MOXKHOCTH KONMUECTBEHHO! 
OWUCHKH MOPHCTOCTH MOJIMMePOB IPH MOMOMLM H3Y4eHHA COPOMMH Ha HUX HHEpT 
HbIX 2KHKOCTeH. 


Hocrynuao 
25 XII 1957 


UMTMPOBAHHAS JIMUTEPATYPA 


*A. A. Tarep, J[uccepraunsa, ®usnko-xumnueckul MH 
; ; - crutyT uM. JI. 9. Kapnosa 
Mi L950 AtXRY, Vom an ous BAA 4 pruu, )KOX, 28, 224 (1954). 3C. 5 pa 


aes, B.B. Ky 1u4en ko, K®X, 29, 663 (1955); A.B. Kucea 
; oo: Aue es, 10. A. O75 Dek OB! 
K®X, 29, 904 (1955). 8A. B. Kuceane B, Meroypr uccmeqoBaHHA BbICOKOMMCMepCHBIX 
Hope ten, M3n. AH CCCP, 1953. °® A.B. Kucese B, K®@X, 23, 452 (1949). 19 A. Al 
arep, K. Lom6ek, Konan. xypu., 15, 69 (1953). 4A. A.Tarep,B.A. Kaprun 
A. A. Tarep, P.B. Kpusoxopurtosa, II. M 


Xonopos, JAH, 100, 741 (1955). BC 
pane oe Oe | 300 Issey -Brunauer,P.H.Emmett, E~T ed hegi 


072 


Hoxrnagp Akayemun nayx CCCP 
1958. Tom 120, N 3 


PEOXHMHA 


P. Ji. BAPHHCKMH 


O COOTHOWIEHHH YETHBIX H HEYETHbIX PEJ/KO3EMEJIBHbIX 
IJIEMEHTOB B PA3JIMUHbIX MHHEPAJIAX 


(ITpedcmaeaeno axademuxom H. B. Beaceem 16 XI] 1957) 


ITpopeyeHHoe B MOceqHee BPEMA MCTOAMH KOJIMYCCTBEHHOMO PeHTTeHO-CieK- 
TpasIbHOrO aHawu3a (*, 7) H8y4eHHe COCTAaBa PEAKOSCMEJIBHbIX QICMCHTOB B Pa3- 
| JMYHBIX MHHepalaX MO3BOJIHJIO MOAMeCTHTb HEKOTOPbIe 3AKOHOMEPHOCTH B pac- 
MpefesIeHHu STHX 3eMeHTOB. B paOore (1) 6blIO MOKa3aHO, UTO MexKY cosep- 
| anuamu Ce u La, Yb u Lu wa6smogaerca nponopyuouasbuad 3aBHCHMOCTD, 
_ TpHyem CoyepXaHue STHX S/ICMCHTOB B DAa3JIMUHbIX OOPa3sllax OHOFO H TOTO X*Ke 
MHHepasia MO%KeT H3MCHATLCA B JOCTATOUHO WHPOKHX Mpesetax. B sro xe. 
paOote OOHapyxeHa OOpaTHO IIpONOpUMOHabHad 3aBHCHMOCTb MexKY copep- 
| %KaHuamu Lau Nd, Sm u Ce, Gd u Ce u He Ha6utoalocb HUKaKOM 3aBNCHMOCTH 

MexKAY cowepxaHuamu Dy u Yb, Gdu Yb. 
B ynoMsAHYTbIX paOoTax H3yYYeHHIO NOJBEPrIMCh JIM MHHepaJIbl LepHeBoro 
cOCTaBa (MOHAILMT, OPTHT, OacTHe3uT HT. J.) H OH MTTPHeBLIM MHHepal — 
KceHoTuM. [lostomy nNoyMeyeHHbIe aBTOpamu (') 3aKOHOMEPHOCTH HOCAT HECKOJIb- 
KO OJHOCTOPOHHHM XapaKTep H NPHBOAT K BbIBOAY O HEOOXOMMMOCTH H3y4eHHA 
ropa3qo Ooulee WHpOKOrO Kpyra MHHEepavOB. 

B HwactTosuel paOote Obl UCCIeOBaH COCTaB PeAKOZCMEJIbHbIX 3JIEMCHTOB 
B 30 pa3JIMUHbIX MHHepaax (B OCHOBHOM UTTpHeBbIX). Iloqpo6uble JaHHble O Co- 
CTaBe PeKO3eEMEJIbHbIX 9JIEMCHTOB B 9THX MHHepaslax HW reouorMuecKad XapakTe- 
pHcTHKa MuHepaoB OyAyT ONyOMKOBAaHbI B pyro craTbe. OOpa3ibl 60/1bWHH- 
CTBa MHHepavioB OblwIM Co6panbi E. HW. Cemenosbim npn padote Ha mecTopoxkJe- 
Huax CCCP, a mMuHepadbl 3apyOexKHEIX MeCTOPOXJeHHH ObIIH MpeOcTaBJIeHb! 
pH s1106e3HoOm coxetctBuH I. I]. Bapcanospa u3 kommekuuli Munepamoruyeckoro 
myseax AH CCCP. 

Jlia onpefzeseHua cofepxanua 14 peqko3emMeJIbHbIX 3JICEMCHTOB B Pa3JIHUHbIX 
MHHepawax Oblla paspaOoTaHa MeTOANKa KOJIMYECTBCHHOFO PCHTIeHO-CNeKTPaJlb- 
HOrO aHaJIv3a MO BTOPHUHbIM CuekTpam ucnycKaHna (*). MurencuBHocTb aHaJn- 
THYeCKHX JHHHM 14 pemKozemeJIbHbIX aIemeHTOB (or La yo Lu) onpesensanacn 
c momousbio cueTuHKa Teltrepa u mepecuerHow Ccxembl. TOUHOCTb aHalH3a an 
OT BeIHUHHbI COJepxKaHHA aHalusupyemoro 2uemMeHTa B OOpasiie. Anausy 
NosBeprauCb, Kak [paBHJIG, OCaKH OKHCJIOR PeKO3eMEJIbHbIX 3JIEMCHTOB, 
BbIJeICHHbIX H3 MHHepasIOB XHMHYeECKHM TYTeM, Nphuem cOjlep2xKaHve KarKAOro 
3IeMeHTa MOrJIO HU3MeHATECA OT 0,1 go 100%. MeroquKka He mpedycMaTpHBaa 
CnellHaJIbHOrO OMpeseseHuA cofepxKaHua Y B HTTPHeBbIX MUHepaslax, NOSTOMY 
B JaHHOM cTaTbe peub Oy eT HATH JIMWb O JaHTaHHfax. Bcero OblI0 BbINOJHEHO 
okolo 200 aHaIv30B Pa3JIHUHbIX MHHepasiOB, B OCHOBHOM 43 ermaTuTos. ITpu- 
BeJICHHbIe HHXKeE Ppe3YJbTAaTbl BKJNOUAIOT TaK2%Ke JlaHHbIe aHaJIH3a WePHeBbIXx 
MHHepasioB, ONyOMKOBaHHbIe B padorax (1, *). Ha rpadbukax HaHeCeHbl BevIH- 
UHHbI COJepKaHuA (B BECOBbIX MPOMeHTaX) OKHCJIOB PEAKO3EMCJIDHbIX SJIEMCHTOB, 
CyMMa KOTOpbIX mpHHATa 3a 100%. 

Ucnonp3yembiit o6brmHO cioco6 rpaduyeckoro MpeACTaBJeHHA MaHHbIX O CO- 
CTaBe PCKOSEMEJIbHbIX 3ICMCHTOB B pa3JIMYHbIX MHHePalax, KOra NOPAKO- 
Bbl€ HOMEPa PeTKO3ZEMEJIBHBIX SJIEMCHTOB OTKabIBalOTCA 0 OCH aOCUHCC B I0- 
paAKe BOSpaCTaHHA, a COJep2KaHHe COOTBETCTBYIOUINX 3JICEMCHTOB — M10 OCH 
OpMHAT, WIHOCTpUpyeTca MYHKTHPHOM KPUBOH Ha PHC. 1. IIpu stom aomanoi 


cEo9 
vlad 


JIMHHeH COCAHHAIOTCA NOAPAA TOUKH, oTBeyalollve COep2KaHHto JIAHTaHHAOB Kak 


C UeCTHbIM, TAK HC HEUCTHbIM MNOpATKOBbIM HOMePOM. 


Get. % 
50 


JGkcexum 


20 


10 


la Pr Sm Gd Dy 
Ce Nd fu 


Puc. 1. Jipa cmoco6a rpadu- 
yecKoro MpefcTaBsIeHHA pac- 
MIpefeseHuA PeAKOZCMEJIbHBIX 
31eEMeHTOB B 9BKCeHUTE. IlyHkK- 
THp — cTapbI cmoco6 mpen- 
cTaBIeHHA, KpHBad a — JA 
3JIEMEHTOB C UCTHBIM NOpALKO- 
BbIM HOMepOM, KplBanx 6 — 
JIA 9CMeCHTOB C HeveTHBIM 
MOpAAKOBBIM HOMepoM 


ae Ay 
ULy Tale Teh EN 


CoorsercTBylolulah KPHBaA 
Meer THIMUHYIO TMOOOpasHy!io topmy HU MIA 
jlaibHelimero HCHOMb3OBaHHA HeyAOOHa. 

Bomee yo6upiit cnoco6 rpaduyeckoro Mmped- 
CTaBJICHHA JIOCTHTaeTCA MyTeM paSMesIeHUA JIC- |p 
MeHTOB PpYNMbl JaHTaHHAOB Ha Be NOATPYMMMbl: |p 
C UCTHDIMA HM HeYeTHBIMA MOPAAKOBbIMA HOMepaMH |p 
H MOCTPOCHMA KPMBbIX MOPOSHb MIA KaxAOH MOT- |p 
rpynmp! (kpuBbie a u 6 puc. 1). [pa stom cpasy 
O6pocaerca B Iyla3a TO OOCTOATEIbCTBO, ITO KPHBbIC 


JIA YCTHBIX HM HEYETHHIX JIAHTAHAAOB OK a3bIBatloTCA |}, 


NOQOOHbIMH [pyr Jipyry, HO CMeleHbl Ha eMHULY 
MOpAAKOBOrO HOMepa, IpHyem HapylWlenue noqoous | 
IIpOHMCXOJUT B TOH TOUKe, re NOKeH Obi Obl Ha-. | 
XOMHTECA HeUeTHbIM 3IeMeHT Pm, KOTOPbIM B MIpH- jf 
POHbIX MHHepaslax He OOHapyxXeH. OTO CMeLeHHE |f 
MOXKHO YCTPaHUTb, eCJIH HCKJIOUHTb U3 PaCCMOTPe- | 
Hua Pm uw CMeCTHTb JICBYIO HU TpaBylO BeTBH He- | 
yeTHOH KPHBOH Tak, UTOObI 3aMOJIHHTb o6pasOBaB- | 
wuiica pasppip. B stom calyyae Kax%KOK TOUKe Ha 
ocuv aOciucc OyyT OTBeYaTh Ba MOPAKOBbIX HO- 
Mepa (4eTHbIM HM HeueTHbIH) H COOTBETCTBCHHO [Ba 


anemeHTa. IlocrpoeHHbie Takum cnoco60om HavOoslee THNHUHbIeE KPHBbIe MIA 
pa3JIMYHbIX MHHepaJIOB MOKa3aHbl Ha puc 2. 


bec. % 
50 
A | ial oe 
Jonapum Pocpopuimbs UHL 
50 7 Seer, = 
4 z 
10 f st 6 


Nupox/op 


Sbkcexum 


Peperaconuln 


= 


Ser 


Pepervcon 


Jéduanum 


g 1 it 
“Ce Nd Sm Gd Dy Er Yb Ce Nd Sm Gd Dy Er Yb CeNd SmGd Dy Er Yb Ce Nd SmGd Dy Er Yb 


La Pr Eu Tb Ho Tu Lula Pr Eu TbHo Tu Lu LoPr Eu To Ho Tu LuLaPr fu Tb Ho Tu Lu 


Puc. 2. Kpupble pacmpeyeneHuad peqKO3eMeJIbHBIX 3JIEMeHTOB B pa3sHU- 
HBIX MHUHepamax (6e3 yyeta Pm m nocme cMeleHHA HeueTHOl KpUBOii). 
O6o3HaueHHs Te %Ke, 4TO Ha pue. i 


Kak BUHO u3 puc. 2, KPMBble IA PaSHbIX MHHEepaOB, BeCbMa pa3JIMUHbIe 
mo (opme, o6maqator B TO %Ke BPeMA MOMHbIM NOZOOMeM yeTHOH Hu HeYeTHOL 
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pOCTaBJIAIOWMeH. Oror (akT MOATBepxKAaeTcA UH JIA BCEX OCTAIIbHbIX H3Y4eCHHDIX 
‘aMH MHHepasos. Orcioga culelyer, uTo M@XKIy COMepxKaHHAMM COOTBETCTBYIO- 
AUX Map 3IEMEHTOB LOM2KHA HAOMOLATheA MPHOMUSHTebHO NpONOPpuUuOH albHaA 


‘ABHCHMOCTD. Ha rpadbuke puc. 3, rye kaxkyaa TOUKa oTBeuaeT coJepKaH nam 
OOTBeTCTBYIOWeH Wapbl 9J1e- 


[CHTOB B OJHOM MUHepaite, 
-AKJIOH IIPAMBIX, MOCTPOeCHHBIX 


Ge. % 
40) 


(0 YCPeJ{HCHHbIM JaHHbIM, OTBe- 20 
aer cJlelyioujemy mpHOuHsH- | 
‘CJIBHOMY OTHOUIeHHIO Map: rll 
Seale 3, Nd: Pr= 3, a 


er tb = 6, Dy :Ho= 5, 
oe: Lins 6, Gera ite er 
THOWeHHe Sm: Eu, sBsBuly 
Me€Hb MaJloro coxepxaHusa Eu, bec % La —» bec. % 
{OXKHO ONPeNeIHTb JIHUIb BeCb- 
{a MIpHOuIMxKeHHO. Ono paByHo 
O0—20. 

 Ha6.smoyatouuiica Ha rpa- 
WKax puc. 3 pas6poc ToueK 
OYCJIOBJICH pa3sIH4HeM B KPH- 
‘TAIHYeCKOH CTpyKType Hc- 
JI€}OBaHHbIx MHHepaJIoB. 
3 3TOM MOXKHO yOequTECA, ec 
[OCTPOHTb aHaJIOrHuHble rpa- 
OMKH JIA OHOrO MHHepasa. 
da puc. 4 Takue rpacukn no- 
TPOeCHDbI Ia CepriocoHHTa U3 
lefMaTHTOB H rpaHuTroB CCCP, 
Topserunu, HWpenuu xu Letino- 
(a. OOpauiaer Ha ceOA BHHMA- 
(He, YTO IPH OOJIbUIeM MacllTa- 
6 KPHBbIX Ha puc. 4 pas06poc 
oyveK =—pe3KO YMECHbIUAJICA, Puc. 3. SapucumMocTb Mey cosqepxKaHHAMH UeTHBIX 
T HaKJIOH COOTBETCTBY IOWIHX M HeUeCTHBIX PeJTKO3ZCMCJIBHbIX SJIEMCHTOB B Pa3JIM4UHbIX 
[DAMbIX CTal MOUTH TOUHO aed iss ae 

)JABCH: Ceyaliay isu 2.7, 

Beets 3 3, Gd i Eb =:5,5, Dy xHas=4, sEruTus=0,5; 0 bot Lu =5;3. 
\HaJIOTHIHaH KapTHHa MMeeT MECTO JIA TasOMMHUTAa, 9BKCeHHTAa, WHpoxsopa 
[T. I. Oco6eHHO 4eTKO CBA3b M@XKAY OTHOWeHHEM COJepxKaHHH COOTBETCTBYIO- 
qeH Mapbl 9JIEMeHTOB HW THIIOM KPHCTaJJIMYeCKOH pellleTKH MMHePadla MO2XKHO 
HJleTb W3 paccmMoTpeHuaA rpaduka Aaa Dy — Ho ua puc. 3. 3mecb umeerca 
pynna Touek (c oTHoWweHHem Dy : Ho = 7), pe3Ko Bpimamatoujanx v3 oOmel 
aBHCHMOCTH HM MIpHHaexKalllad MHHepadlaM PpyMMbl CaMapCKHTa C HCKJIIOUH- 
@JIbHO pe3KHM Ma€KCHMYMOM CocTaBa Ha Gd (cemeKTHBHbIM cocraB). EcrecrBeHHO, 
TO paCnOJIO*KeHHbIe B ITOM CyUae Ha ClafarolleH BeTBH KPHBOH paciipeyee- 
usa (cp. puc. 2) 31emeutb Dy u Ho gator casIbHO UCKa2KeHHOe OTHOLWEHHE Mapbl. 
)rciola CIELYeT,UTO WIA CeJICKTUBHBIX COCTABOB OTHOWIEHHe YETHOFO MH HeYeTHOFO 
JIEMeHTOB B JaHHOH Mape JOJI2KHO OCOOeCHHO CHJIbHO OTIMUAaTbCA OT CpeqHero 
THOWCHHA (CM. Tak?Ke OTJCJIbHYIO TpyMmmy TouekK JIA OacTHesuTa, HOpyura 
7. A. Ha rpaduxke jua Ce — La puc. 3) u, HaoboporT, AIX KOMMJICKCHBbIX CocTa- 
OB (HallpHmep, WIA TralosIMHHTa, WHpOXOpa) ¥TO OTHOUWIeHHe JOJ2KHO ObITb 
NH3KO K CpejHemy. 

Ha6smtoyaplineca BbILe 34KOHOMEPHOCTH MOXKHO OObACHHTb, CCIM Mpelnmo- 
OXKUTb OOWIHOCTh YCJIOBHH OOpas0BaHHA PCAKOZCMEJIBHbIX 2JICMCHTOB HM HaJIH- 
ue eMHOrO COCTaBa HX B HCXOJ[HOM pacIlaBe JO HavaJla Mpollecca KPUHCTaJIN- 
auuu. C STOM TOUKM 3peCHHA HaJMuHve JBYX XapaKTePHbIX Be/IMYHH OTHOMeHUA 
ap 3JIeEMeHTOB, a HMeHHO 3 (qa Ce : La, Nd : Pr) u 6 (aqua Gd : Tb, Dy : Ho, 
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Er: Tu, Yb: Lu), no-BnauMOMy, CBA3aHO C ABYMA NapaJI€bHBIMH BeTBAM| 
mpolecca, KOTOPbIM MpHBe K O6pa30BaHHIO SJIeMeCHTOB TpyNMbl NaHTaHUyo 
Ckayok B BesIMYMHe OTHOWeHHA OT 3 WO 6 NpOHCXOAHT Kak pa3 B pavoHe Pp 
a coceqHAA Mapa aiemMeHToB — Sm, Eul 

Gee. % Gee. / HMCeT AHOMAJIbHO OOJIbIWOe OTHOIMeEHHE 


5b LH Oco60e 2%e nomoxeHnue Pm, mpunan 
| JI@KHOCTh KOTOPOrO K rpynne JiaHTaHK 
10 20 : JOB HHKaK He OTpaxkaeTcA Ha pacripe 
S 5 Sy a TIQJICHHH 9THX 3JIEMCHTOB B pa3JIHUHbL 


MHHepadlax, OOYCJIOBJICHO MaJIbIM Nep i 
; oJOoM nowypacnagya Pm, B pesyJbTary 
Ae yero OH J[OJI2KeH ObIJI HCUC3HYTb elle Ti 
Havala mpollecca KpHCTal1u3alMn *. 

Anasloru” B TOBeJeHHM paccMOTpeHl 
HbIX Bbillle Map 9JIEMCHTOB B CaMbIX pa 
JIMUHBIX YCMOBHAX MHHepasooOpasoBa 
HHA WH Up pe3KO OTJIMUAaIOWeEMCA COI 
i ylep2xKaHHH 9THX BJICEMCHTOB B Pa3Hbly 
MMHepasiax HaxoyuT ceOe OObACHEHH! 
B CXOJICTBe 32JICEKTPOHHOrO CTPOeHHs 
9THX Tap 3JIEMeHTOB flake B Mpesesa 
rpynibl JaHTaHuyoB. ITO MmposaBsercs 
TaKKe B OJIH30CTH CBOHCTB UX KOM 
IJICKCHbIX COCJMHEHHM HW BeJIMYHHbI HOH 
HbIX pajIHyCoB. 

Ec HalieHHble BbIle BeJIMYHH 
OTHOWeHHA Nap 9JIeMeHTOB nosyuay 
[aJlbHel Wee NOATBeEpxAeHHe pH ucce 

5 9% HNOBaHHH MHHepaloB pas/IM4HOrO TeHe 

= 3uca, TO HX MOXKHO Oyler NPHHATh 

KayeCTBe OTHOWEHHA KJIaPKOB COOTBE" 

Puc. 4. SapucumMoctTb Mexkyy cofepxKaHuaMH CTBYIOUJHX 3JIEMCHTOB. STH Ke OTHOLWE 
YeTHbIX HM HeYCTHBIX PeWKO3SCMCJIbHBIX 9J1e- HHUA MOXKHO, l0-BUMMOmMy, ye cellu a 
RHIC. Eyer OcornTs UCHOJIb30BaTb WIA YI POUeHUA npoea 
aHaJIv3a PeAKO3CMEJIbHbIX 9JICMCHTOB. 

Tak, NpHOJH3HTeIbHOe COfepxRaHne HEYeTHbIX JAaHTAHHJOB MOKHO TMOJYYNTh, 
He mpHOerad K MX aHaJH3y, a BLINHCIAA 3TO COJepxKaHHve UCXOAA U3 CoMepxKa4 
HWA COOTBETCTBYIOMUErO YeTHOTO JeMeHTa HM CpesHel BeIMUMHbI OTHOINeHHs 
3THX QJIEMCHTOB. 


a 


VuctutyT Munepaioruu, reoxuMuu Icerynuso 
HW KPHCTaJJIOXHMUM DETKUX SJIEMCHTOB 12 XII 1957 
Axanemuu Hayk CCCP 


| 
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Aoxrnage Arkangemun nayrk CCCP 
1958. Tom 120, Ne 3 


BHOXHMHA 


M. Tl. 3SHAMEHCKAS wu JI. B. FPOPBAUEBA 


0 CAMOOKHCJIEHHH 3AMACHbIX BEJIKOB, OBOPALEHHbIX 
BOJOPOJOM 


(ITpedcmaeaexo axademuxom A. H. Onapunoim 18 I 1958) 


B nmpoBeyeHHbIX paHee OJHHM H3 Hac uccleqoBaHnax (1) ObWwlO NOKa3aHO, YTO 
amacHble OeIKH CeMAH, Oy YUH B Mpollecce BOccTaHOBJIEHHA OOOralljeHbI BOOpo- 
OM, MOryT 3aTe€M CaMH CJIY?KHTb BOCCTQHOBHTeJIAMH MO OTHOUICHHIO K pasvIHy- 
bIM OKHCIHNTeIAM: KJO3, K3Fe(CN)6, Jeu mp. 

B 1951 r. JI. B. Pop6ayesoli Ha Kadeqpe O6uoxumuu Mocxoscxoro rocysap- 
CTBCHHOrO YHHBepcHuTeta OblWwIO MOKA3aHO, uTO NOABeprHyTble mpolleccy BoccTa- 
HOBJICHHA OeIKH MOFIM OTaBaTb BORopoy 2-6-RuxsOphenomHHAomenory uv me- 
THJICHOBOH CHHH (cM. TaGuJ. 1). 


Ta6muua 1 
B3avMojeHcTBHe BOCCTaHOBJICHHOTO M WCXOfAHOrO GewIKa C KpacHTeAMH 
B mpo6upKkax TyHOepra, np KOMHaTHOH TemMMepaType 


HaumMenopaHre O6eviKa 
M ero KomHUeCTBO TipH6apnnemble peareHTpl PesynbTaT peakuun 


BoccTaHoOBJIeHHbIM rsiMud-|1 MI BOLbI H Nocme OTKAaYMBAHHA O6ecupeyuBaHHe pacTBopa 4e- 


HUH, OO mr Bosnyxa 2 ma 0,02% 2-6-nu- pe3 5 uac 
xlopeHoHHAOpenona 
Mcxoyuplit Pramuunan, 00 mr To xe PactTBop ocTaJicad TeMHO-CHHEM, 


a 6e0K — CHHHM 
BoccTaHoBJieHHblt erymunH, | 1 ma docdatTHoro 6yiepa (pH §,4) | Pacrnop o6ecuBeTusica uepes 


100 mr M Mocsle OTKaYMBaHHA BO3AyxXa| CyTKH, GeOK octTaIcA Gec- 
0,3 MJI MeTHNeHOBOH CcHHH IBCTHbIM 
(1: 20000) u 2 ma Bognt 
Vicxogupii merymuy, 100 wr To xe PacTtBop mu 6eN0K ocTaJHcb 
CHHUMH 


Tlosquee (°) aHalOrMuHble pe3yJIbTaTbI M10 MOBBILeHHIO «erHfpasHOW» aK- 
THBHOCTH TVIMIMHHHa Mpu eFO BOCCTaHOBJIeHHH WHCTeMHOM ObIJIM MOJYUeHb! 
B. JI. Kperopuyem u T. HW. Cmupnozon. 

TIpencrapias0 WHTepec BbIACHHTb, KaK BeJIMKa BOCCTAHOBUTeIbHaA CmOco6- 
HOCTb OCIKOB, OOOFalljeHHbIX BOJOPOOM, MO OTHOLWEHHIO K KHCJIOPOLy B CBA3SH 
¢ TEM OOCTOATEJIBCTBOM, UTO OeJIKOBbIe BELCCTBAa XKHBOM KJIETKH MOFYT HAXOJMTb- 
Ca B Heli —Ha pa3HbIX CTayJMAX ee PaSBUTHA — B PasHOM CTeMCHM BOCCTaHOBJIeH- 
HOCTH HM, CBASbIBAACh C KHCJIOPOJOM BO3yXa, MOryT TeM CaMbIM Y4aCTBOBATb 
B mpolecce [bIXaHHA KJIeTKH. 

B jaHHoll paOore Hamu, Kak H paHee, ObIIM MCMOb3OBaHbI NOJYYeHHbIe MO 
OcOopHy 3amacuble OemKkH ceMAH: TuIMuMHMH us 6060B cou (Glycine hispida 
Max.), JleryMHH 43 CemaH ropoxa (Pisum sativum L.) u a9necTHH M3 CeMAH KO- 
yomuu (Cannabis sativa L.); BoccraHopmenue OeIKoB 1 OrpeqeueHue BOSHUKIWeH 
8 HUX BOCCTaHaBJIMBalOleH CMOCOOHOCTH MbI IpOBOAHJIM COrIacHO BbILeyNOMsi- 
Ty Tol MeTognKe (1). B cBoux onbirax MbI MPUMeHAIM WpelapaTbl 3amacubix 6euI- 
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KOB pa3HOH CTeMe€HH BOCCTaHOBJICHHOCTH MH pa3JIM4HOH JaBHOCTH XpaHeHHA 
Ham ucceqoBaHua WOKa3asiM, YTO MpellapaTbl BOCCTaHOBJIeCHHOFO JIeryMu 
Ha MOCwle MpeObiBaHHA HX B TeEYCHHE HECKOJbKUX CYTOK B BOJe (B MpPHCYTCTBU 
TOYOJIa) HIM B OyepHom pacrBope c pH 6,8 (Kak B alleTaTHOM, Tak HB (ocdaTy 
HOM) He MoOTpeOJIAJIM 3aTeM KakOro-sIM6OO KOMMYeCTBA KPaCHOM KPOBAHOM COJIM 4} 

Oka3al0cb TakxKe, UTO IPH XpaHeHHH MpeNapaToB BOCCTAaHOBJICHHOMO OesKa 
B BO3JYUIHOCYXOM COCTOAHHM BOCCTaHOBHTeIbHad CNOCOOHOCTh UX CHM2KaeTCH ih 
Tak, moTpe6menue K;Fe(CN).¢ mpemapaTom BOCCTaHOBJIeHHOrO JIeryMuHa, Xpa-+ 
HMBUleroca B TeyeHHe 7 MeCc., CHU3HIOCb Cc 4,12 no 1,57 ma 0,1 N pacrBopa pH 
pacuere Ha | r OenkKa. 

OueBuAHO, MpoUcxOAMIO MOCTeMeHHOe OKHCeHHe BOCCTAHOBJICHHOFO OeulKal 
3a cueT KUCOpOya BOSLyXa. JIA BHIABJICHHA CKOPOCTH 9TOFO Mpollecca HaMH ObI-} 
JIM TIPOBeeHbI OMbITHI (CM. TaOuI. 2) c TeM Xe OKUCJIUTeeM, BpeMaA UpHOaBseHHAl 
KOTOPOTFO B PpeaKILHOHHY!O CM€Cb H3MeHAIIOCb. 3 Ta61. 2 BUHO, UTO BOCCTAHOB-, 


Ta6Omauma 2 


BoccTaHoBHTesbHad CMOCOOHOCTh TJIMUMHMHa*, OOoratleHHOrO BOOPOAOM, MO OTHOLICHHIO) 
K KpacHOH KPOBAHOH coOVIM 


ute nbHOCTb pH KomuyectBo 

Haumenopanue mpenapata B3aHMoOseli- Hapecka bocdar- 0,4 MK;Fe(CN)e, 
cTBHA Oenka HOF uayulero Ha 

MW yCJIOBHA OMbITa c KyFe (CN)e, 6emKa, © rasta oKHCaeHHe 1 TF 
cy TOK 6emKa, MJ 


BoccTaHoBJieHHbI TIHWHHHH B (ocaTHOM 
Oydepe, cpasy 3anuTbIi KgFe (CN). 3 0 , 0500 8,4 24 ,00 
BocctTaHoBsiecHHbI PAHUMHHH, sanuTbIi K3Fe 
(CN) nocne 30-muHyTH. mpe6niBaHna 
ero B cbocaTHom 6ydepe 3 0 ,0498 8,4 15,90 
BoccTaHoBseHHblt PIMWHHHH, 3aMTbIli K3Fe 
(CN)¢ mocne 2-yacop. mpeObipanua ero 
B (boctarHom 6ydepe 3 0,051 8,4 4,30 


* TIpHMensJica MpenapaT CBexKeBOCCTAHOBJIeHHOFO PJIMMMHHHA. 


JIGHHbIe OeIKH, IPH WpeObiBaHuu UX B pacTBope docdara, pH 8,4, nacTombKO 
OKUCJIAIOTCA KUCJIOPOJOM BOSLYxXa, UTO pearHpYtOT 3aTeM Y2Ke C MCHDIIMM KOJIN- | 
yeCTBOM KpaCHOH KpoBAHOK comu. M3 qannpix Ta6. 2 cneqyer Takxe, uTo 1 rT. 
CBe2KeBOCCTAHOBJICHHOFO IIMUHHHHA 3a 2 uaca noTpe6user 16,70 ma0,1 N pac- | 
TBopa (21,00 ma — 4,30 ma), T. e. oKo0 9 Ma ra3s006pasHoro KUCMOpoOna. 

Takum oOpasom, B NpOBeeHHbIX HAMH OMbITax (KaK MOXKHO JlYMaTb, HB aHa- | 
JIOTHYHbIX ONMCaHHbIX B JIMTePpaType OMbITax) OKHCJIeHHe MpenapaToB OeKa MO- | 
cpegctBom K;Fe(CN),¢ compopoxkaetca, HECOMHCHHO, OJHOBPeMeHHEIM JelicTBH- 
eM H KuCOpoga Bosyxa. Uro aro JelicTBUTebHO Tak, NOKa3bIBaIOT JaHHble OMbI- 
Ta, IIPWBeweHHble B Tabu. 3. 


Ta6Oauna 3 


CpaBHUTeJIbHpIe WaHHble MO OKHCJIEHHIO BOCCTaHOBJIeHHOrO OeuKa Ha BO3SAYXe€ UM B mpo6upKe 


Tyu6epra 
Ji mutesabHocTa KosmuectBo 
HanmeHopanue mpenapata 6enka — ES Hapecka pH K. Bech) 
3 6 
H yCJOBHA OMbiITa Ce ChE OP OME Geucanen bocbatHo- | unyuero Ha 
K;Fe (CN)g; ro Oydepa | okuceHue 1 T 
CcyTOK 6emKa, MJ 
BoccraHopeHuplit TJIMUMHHH; 
OKHCJIeHHe ero B mpodOupKe Tyx6epra 
(aHaspo6ubie ycnoBus) 2 0,0633 8,4 3,31 
BoccranopaeHupiy PIM; 
OKNCeHHe ero Ha BosLyxe 2 0, 0604 8,4 2,15 
? 
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Moxno BuJeTb, YTO IPH OKUCeHUN BOCCTAaHOBJeHHOFO OeIKa, B OTCYTCTBHE 
[(CIOpONa, OKUCIMTEIA pacxoyerca Oouble, YeM IPH OKMCJICHHH TOO x*xe Oel- 
| Ha BOS]yxe. 

BoccraHoBJIeHHbI OeIOK MOF ObITb OKHCJICH TAK?Ke NOJBUXKHbIM KHCJIOPOJOM 
TaHHYeCKHX BeULeCTB, B3ATbIX HaMH B Bue N-oKkucHol copMb! alKasOnJOB 
MeCb OKHCJICHHDIX (OPM aJIKaJIOMJOB CeHelluduMHa HU MiaTudwnna, 
1 mia pacTrBopa KoTOpol coyepxamocb 67 mr CyMMbI OKCHAOB aKaJIOHJOB), 
‘TipeOcTaBJleHve KOTOPbIX MbI BbIpaxkaem OuarojapHocth JI. M1. Apeumunol. 
1K, OKa3aJIOCb, UTO BOCCTAHOBJICHHbIM JIEryYMHH, TpeOoBaBlIMH JIA ¢BOero 
MCJICHHA IPH mpoBexeHuu onbira Ha Bosayxe 4,12 ma 0,1 N K;Fe(CN)¢ 
_1 r 6Oenka, mocule B3aMMORelicrBUA ero Cc yKa3aHHOH cMecbio N-oKucHoh op- 
I aliKaJIOHOB B mpoOupKe TyHOepra B dbocdaTHom Oydepe pearupyer yxe 
1bKO C 0,90 ma 0,1 N KsFe(CN), (apy pacuerte ua | r Geka). 


Ta6nuua 4 


Tlorpe6meHne H,O, HCXOJHEIM HM BOCCTAHOBJCHHBIM 6eJIKOM * 


0,1 N HO, npu pacuete ua 1 r Geka, Ma 


Hanmenopanue Mpemapata GeKa oe iets apes e688 agpee 

1B ORR TSS se) pacTB. 2,5 wac. 24 uaca 72 uaca 96 yac. 

CCTaHOBJ. afecTHH, 0,2648 r 5 +0,38 | —0,98 | —1,87 —2,43 
XOJHbIH afecTuH, 0,2456 r 5 —(), 94 —6,16 —8,57 —9,11 
CCTaHOBJ. afecTuH, 0,2828 r 9 +1 ,41 +0,18 | —1,73 | —2,79 
XOMHBIH afecrun, 0,2650 r 9 O00 |) ==, ils 5), 83) =——/ ,69 


* TIatoc osHayaeT H36bITOK, MaHyc — pacxog, H,O, mo cpaBHenmio c mpHOaBeHHol. 


Jl O6bACHCHUA MCX AHH3Ma CBASHIBAHUA KUCJOPONa BOS LyXa BOCCTaHOBJIeH- 
IM O€JIKOM MO2XKHO ObIIO pe AMOOX*KUTb BOSMOXKHOCTH OOPa3OBaHHA Mepeknceli, 
rylacCHO TECPHH MeJVICHHOTO OKHCJICHHA OPpraHHyeCKHX BeLIeECTB, BbICKa3aHHOW 
_H. Baxom eme 8B 1897 r. (°). IIpopegenupie Hamu JaJiee OMbITbI NO B3aHMO- 
MCTBUIO OeKOB Cc HeOe noyrBepxLaloT B H3BECTHOM Mepe JTO IpeANOMOMKeHHeE. 

OTH OMBbITHI CTaBHJIHCb 


eJLy IOWHM 06pa3om. Tac 5 

ONpeeJIeHHbIM HaBec- oa 

IM HCXOJHOFO HM BOCCTa- Tlotpe6seHne HO, ucXoHbIM MW BOCCTAHOBJICHHEIM 

BJICHHOTO OesIKa C pa3- le 

'YHbIM 3HayeHHem pH 1 

HOaBIAIOCb Ip KOM- Bi eceelte hee Kommuectso 

THOU TeMII€paTy pe Tou- Tanuuunu onbiva, & ie pH wmyuyee Ha 

. OTMepeHHoe KowHue- eto ae (ae 

BO HeO2 0,1 N 0,98 rf | 

OHILCHTPallHA ee B OMNBIT- 

HM cmecn Obiwia 0,04— Mcxoguniit 4 10,0977! Bochar |6,8 Hs 
& BoccrTaHoB.. 4 0,1018 » 6,8 ,S 

J5 N), Bsaumogelicraue yoy oni 4  |0,1000] Auerar |4,5| 6,00 

TOPOH C OeIKOM TMepH- — Boccranos.t. 4 |0,0994- 2 |4,5| 2,04 


wuecKH YUHTbIBaJIOCb 

Tem TUTpoBaHHa KMnOa 

<HCOH Cpele OCTaBIUelicA HEH3PaCXOLOBaHHOM ee uacTH B OTeIeEHHOM OT Oell- 
pacTBope. 

Mp! oxkuyavinv, uTO B Culyuae GemKa, OOoraleHHOrO BOROpOsOM, H,O, 6yqer 
paCXOJOBaHO OOJIbUle, HEXKEMH B CJyuae HCXOMHOrO OenKa. Kak noKka3aiH, OF- 
KO, Hall OMbITbI (cM. TaOT. 4), BOCCTAHOBJICHHbIM BTeCTHH, MO CpaBHeHHIO C 
XOJIHbIM 9JeCTHHOM, TOTPeOJIAeT MEHbIUee KOJIHYCCTBO H,O,, umes CaM Kakue- 
He okncmsempie HO, Ho TuTpyemple KMnO, rpynmuposku. Ipupoga stux 
YIMHPOBOK, OOHapyXuBaeMbIX B Cyuae BOCCTAHOBJIeCHHOrO OeKa, HaMH elle 
BLIACHeHA, HO UHCOBOe UX BbIPAKeHHE, MOCKObKY OHU THTPyloTca KMnOs, 
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IIpHPpaBHCHO HaMH YCJIOBHO K OMpeseseHHOMY KOJIMYeCTBY MMJIJIMMTpOB 0,1 
pactBopa HeQOs. 
AnaslorHuHy!0 KapTHHY MeHbllero pacxogoBaHua H2Oez, no cpaBHeHH 
C HCXOJHBIM OeIKOM, MbI NOU MB Cy4ae BOCCTAHOBJICHHOFO IvIMILMHU 
(cm. Ta6a. 5). 
JlauibHet we Halim UCCIeAOBaHHA NOKa3a/M, YTO BOCCTAHOBJICHHDIM TIMI 
HHH, IPM CTOAHMH ero B PoctbaTHOm 6ydepe (pH 8,4) B TeveHue 2 cyTOK C TOW 
OJIOM, OTIUCMIAeT KaKYIO-TO (PpakWHIo, alolllyo ropa3yo Ooslee HHTCHCHBHY| 
peakilulo Ha (peHObHbIe rpynub! (peakuna Muona), vem HCXOHbIM TI MIHH Hl 
OueBHHO, Mpollecc BOCCTaHOBJIeCHHA Geka CO38aeT YCIOBMA LIA o6pasoB; 
HHA HOBbIX PCAKILHOHHOCMOCOOHHIX (peHOJIbHbIX rpyum. Moxuo TymaTb, O4HaK\ 
YTO ‘IIPH BOCCTaHOBJICHHH OesKa BO3HHKaIOT pasHOOOpasHble peaKWMOHHOCH 
coOuble Tpynnbl, OTMMYAIOWMecA APyr OT Apyra HeOHHAakOBOH JIerKOCTbIO 
MOCeLyIoulero OKUCJICHHA, MOCKOJIbKY BOCCTaHOBHTeIbHaA CHOCOOHOCTb CB 
XKCBOCCTAHOBJICHHOTO OesKa He HCUePMbIBaeTCA TOJIbKO (PeHOJIbHbIMH TUuAps 
KCHJIaMH. | 
TakuM OOpa30m, 3amacHble OeKH CeMAH, OyAyuH OOoralleHbl BOOPOAG 
(4TO MOXKeT MPOMCXOLHTb HW B OuOMOrHYeCKUX YCJIOBUAX) CTAHOBATCA Tropa3} 
Oomee peakHOHHocnocoOHbIMH (*°°) Mw MOryT MPHHHMaTb aKTHBHOe yuacTy 
B PasJIMYHbIX MeTAOOJIHYCCKHX PeaKUMAX, MPOTeKAaIOWLHX B KJIETKe, B TOM UHC! 
HB Mpolecce AbIXaHHA, CBA3bIBAA CBOOOAHbIN KUCTOpOL. 


) 


Tlocrynuao 
18 I 1958 


HUMTMPOBAHHAA JIMTEPATYPA 


*M. II. 3H ameucxkaa, Buoxumus, 6, B. 4—5, 367 (1941). 2B. Jl. Kperos me 
T. H.C mMupuoesa, Buoxumuas, 22, B. 1—2, 102 (1957). °A.H. Bax, )KKP®XO, 29, | 
(1897). 4M. I. 3Hameuncxkaa, O. Il. Ocunosa, JAH, 57, 705 (1947). 5 A. 
ByuHgeab, M. Tl. SHameucxaa, B. JI. Kpetospuu, JAH, 82, 109 (195 
OUMOIIG SireeimeaieerenGe A H.Beno3sepcxuiét, JIL. aspuaosa, Bucxumil 
yn ip owe Msi, US BA). 
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Jlokxxann Akagemun unayk CCCP 
1958. Tom 120, Ni 3 


BHOXHMHA 


A. A. KPACHOBCKHH u E. B. MAKUIMHA 


€BOHCTBA ®OTOBOCCTAHOBJIEHHbIX ®OPM XJIOPOOHMJIA, 
MPOTOXJIOPO®HJIJIA AU FEMATOMOP®HPHHA B CBS3H 
C YCJIOBHAMUH KUCJIOTHO-OCHOBHOTO PABHOBECHSA 


(IT pedcmaeaexno axademuxom A. H. Tepexunxoim 20 I 1958) 
Tipu peaktitun oOpatumoro (oToswoccTaHoBJeHUA XJOPOua W ero aHaJIOrOB 
o3O0yKeHHad MOJIeKYJIa MHTMeHTa BOCIIPHHHMaeT 3ICKTPOH OT MOVJIeKYJIbI- 
OHOpa; MpH 9TOM OOpasyeTcA Napa HOH-pauKaJlOB; 2Ta peakUluA ObicTpo o6- 
aTUMa H, B 3aBHCHMOCTH OT CBOHCTB CpebI, Moce NepeHoca BIeKTPOHAa yCTa- 
ABJIMBaeTCA KHCJIOTHO-OCHOBHOe PaBHOBeCHe, CBASAHHOe C MOCeLYIOWHM Me- 
@HOCOM IIpoTOHa H OOpa3s0BaHHem Oosee YCTOHUNBLIX BOCCTAHOBJICHHBIX (OpM, 
3 allaCcarolllux» 3HeEprHto y. 5 
BaHTOB cBetTa. Haxonsmenue f / 
aKHX  (OTOBOCCTaHOBJIeH- 
bIX (OPM MIMTMeHTOB HaGuII0- 
aeTCa JIMUIb B cpeyax, 06- 98 
(aaroullux onmpejesIeHHOH 
eHOBHOCTHIO. Moxkxo mpes- 
IOJIOKUTb, ATO ycrokun- | nl 
; 
a 


flunepudun Q» 
el Brae 


aarti MMH, 


TIPTZILILLL 


ar rr i A AAA APM 


OCTb «KPaCHOH»  CopMbl 
MOPOPUIJIa H AHAaJIOPHYHDIX 
HM (OPM JpyrHxX MHIMeHTOB 
IpelemaeTcA OOpas0BaHu- ! 
M aCCOWHaTOB MOJICKYJIbI 
IMT! MeHTa, BOCIPHHABILWeH 
JICKTPOH, HW MOJIeKYJI cpe- Oz 
[b] OCHOBAHHA, COUJICHCHHbIX 
IOCpeICTBOM mpoToHa (°); eee 1 Bae 
TO BO3MO2%KHO JIMUIb pH Dali EMER we aD Wile alae 
OOJHOCHHH OllpesesieHHOH 
SeNMMYHHBI CPOACTBA K MPO- pyc, 1, [elicraue cHabHbIX OCHOBaHHii Ha CKOpocTb OOpat- 
‘OHY HOH-pafuKaJla NIMTMeH- = gol peakumu O6pa30BaHHA XMOpoussa us ero PoToBoc- 
a (- X~) H MOJI€KYJI CpeAbl- craHoBseHHOH opmbl. A— ombiTbl c mumepuyzuHom, b— 
cHoBaHua (N<). Bom  MbITEI Cc NH.aOH. Kunetuka u3MeHeHHs K B Makcumy- 
Max mormoujeHua xuopoduana 670!mp (1) WH «KpacHon» 
Myuae, CCH B CpeAy BBO- (POTOBOCCTAHOBJIeHHOH MOpMbI xmopoduana 520 mp (Q)s 
[HTCA TOpa3jo Oowlee CHJIb- 


ioe OCHOBaHHe (N’2), 

IpPOUHO YepxXuUBaloulee MpPOTOH, CileqyeT OKuaTb oO6pasoBaHHA HOH-pau- 
‘aJlOB, ObICTpO pearupyloulux OOpaTHO B TeEMHOBOM akTe PecaKIHH, COPTaCHo 
“AMOTETHYeCKOH CXeMe: 


OX eee Hee Ne 12 Nee PN + Nie 


rorfla KaK B 6Ovlee «KHCJIbIX» Cpefax CieqyeT O*KULaTb KOHCUHOTO 06 pas0BaHHA 
TIPOTOHH3HPOBaHHbIx» (opM NurMenta Tuna - XH (onMH MpoTOH) win - XH*, 


LL SAAT PPITD 


III LEL FFF 


MP 


Wize Ld 


Pa AV 
K 
= 


pita 


* Ha Bcex pHCyHKax 3alITpHxXOBaH MepHO OCBeLIeHHA. 
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(Ba MpoToHa), KOTOpbie, BEpOATHO, MOFYT MepexOAMTh B MPOAYKTHI Goulee Tu I 
6oKorO BOCCTaHOBJIeHHA. f 
CormacHo W3s1I0X%KeHHOMY CJlelOBaJlO HYMaTb, UTO TEMHOBaxH peakUMA pene 
HepallMH HCXOMHOFO NMTMeHTa U3 «KpaCHOH» (pOpMbI XJIOpoPpHIa HW aHaIOrHYHBI 
(bopM Ipyrux WHrMeHTOB OyfeT YCKOPATLCA B IIPHCyTCTBUH 6oulee CHJIbHB!| 
OCHOBaHHi, 4eM MMpHAHH (B Cpesle KOTOPOTO OObIYHO wer peakiwua), nyTem Oi 
pasoBaHHa Oomee aKTHBHBIX HOHH3MPOBaHHbIXx (pop. JeicrBurerbHO, B NHMEh 
puuHe He yAaeTcd HaOw0faTb OTYCTIMBOTO oOpasoBaHHA «KpacHOH» (pops 
xlopotpuuiia (”). OHaKO B OMbITaX C MPHMeHeHHeM CHJIbHbIX OCHOBaHHH Cilenyey 
YUMTbIBATb, UTO OHH MOFYT AeHCTBOBaTb Ha MOJeKYJY XJOpoHJIa, paspbIBai 
ILHKION€HTAaHOHOBOE KObUO (*). B ombirax OfHOrO 43 Hac C Bolinospckow cucTre 
MATHUeCKH HCCeLOBalOCh AeHCTBHe MHMepHAMHa Ha BCe NOCTYNHbIe aHaJory 
M MpOuSBOAHbIe XMOpOusa,; HaHOoulee OTUeTIHBO 2PekT pa3pbiBa KOJIbU 
IIpOABJIAeTCA B Cayyae MmpoTodeoduruHa 

o6slaqaioumero B MHMepHAMHeE THIMHMUHbIN 


\ o e 
>t 4 9THX UccCueqoBaHHH. Mcnomp30BaBlunics 


x i 
yp A : N E CHeKTpOM MOrouleHuA MOpdupHHa, MOV 
: fd N KyJla KOTOPOrO B 3TOH Cpesle ycToHuuBa 

N ie TematronopdupuH, B OTMHYMe OT XJIOpOl 
16 16 : Le (usa U MpoTOXJopodusla, He H3MeHAe 

. N CA XHMHYeCKH B KHCJIbIX HM OCHOBHBIX Cpe 
° yy 
°\ Munepudun = lax UW, CuleqOBaTeJIbHO, Oomee yOOeH jis 
s 
: 


B JaHHOH paOoTe BOJHbIN paCTBOp aMMHaké 
He IIPpHBOAHT 3a BpeMA ONbITa K BH]HMbIM 
! H3MeHeHHAM TMrMeHTOB. IIpH KpaTKoBpe 
M€HHOCTH OMBbITOB H HH3KOH TemMepatyp 
} BBefeHHe oKoO 1% munepHyuHa B MUP 
! MH He BIHAJIO Ha BH CieKTpa NMOrso 
| 

! 

| 
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Ul@HHA TIHTMeHTa. 

Mcxoaa 43 M3JIOXKeCHHDIX MpelcTaBuJie 
HHH, Mbl B 9STOHM padoTe UcCcJeqOBad! 
0, CKOpOcTb OOpaTHOH peakWuH (oToBoccTak 

HOBJICHHBIX (OPM MIMIMeHTOB HM HX CIeKTpH 
2 _ NOrmOMjeHUA B Cpefax C pasJMYHOH OCHOBS 
HOCTbIO. 
/ B ombirax MpWMeHsAIH MeperHaHHbid 
IMpHAWH u NunepHyuH (I waBxumpeakTHe} 
«“4YHCTbIM»), He NOLBepraBlnMeca cneluadb 
HOH ocyllKe, MH BORHbIH 25% pacrTBo;! 
aMMHaka. CneKTpaJIbHble H3MepeHHA Tpo- 
f 9 MW 19 “f° 3 1 lima. Y3BOMMIM B BaKYYMHbIX TpyOKax Ha CleK: 
Puc. 2. JelictBue cumbHEIX OCHOBaHHH Tpodotomerpe Bexmana. | 
Ha CKOpocTb 06pa30BaHuA MpoTOXsOpo- B rpyOxy TyHOepra BBoquan oT 5 JC 
oa u3 ero cpoToBoccraHOBJIeHHON er 30 mr acKOpOHHOBOH KHCJIOThI, 4 MI MH 
ie IO Rie cag  PUARHOBOTO pacrBOpa xsopabua2a, mpo 
Kis Mekeauyuax inonnoledus “apero- TOXNOPOMHIa WI CIupTO-MMpHAMHOBOrO 
xmopodusma 630 mv (1) u ero dorosoc- (10% MMpuuHa) pacrBopa remaTomopdu- 
craHoBueHHolt dopmpt 470 mp (2) puHa. B OokoBo OTBOX TpyOKH BBOAMIM 
ocHoBaHne: 0,1 ma nNunepuyquHa +0,5 ma 
nupuyuna wih 0,3 MI BOAHOrO pacTBOpa aMMuaka +0,5 MI mMpuyquHa. Oreos 
3aMOpaxkuBaH Jo —70° npH nomomuH MellouKa Cc TBepAbIM CO, Bo u36exKaHHeE 
nomajaHuA WapOB CHJIbHbIX OCHOBaHH B PaCTBOP MHIMeHTa MPH OTKauKe H BC 
BpeMA OMbITa. 

Jia (poropoccraHOBJIeHHA 2BaKYUPOBaHHY!IO TpyOKy Cc pearupyrolleli cmecbK 
ocBemlaH 1 MuH. (B calyuae remaTonopdupuua 3 muH.) upu 20° KuHOamnon 
500 B c KoHyeHCopom uepes cBerotumbTpbI: RG-2 ya xmopocusia, OC-11 
ANA Mporoxsuopopusaa u Se3 cBeTropubTpa WIA TemaronopdupuuHa (oKOIC 
10° spr/em? cex). Xox oOpaTHolt peakunn HaGmozaiu 10 ugMeHeHHIO KOapbu- 
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1eHTa MoralieHHA B XapaKTePHbIX MAaKCHMYMAaX MOTVIOMEHHA MHTMeHTOB HU HX 
\CCTAHOBJICHHBIX (OPM B TeyeHHe 7 MHH., MOCTe vero BBOLMIH OCHOBaHHe U3 
)KOBOTO OTBOa. 

B Apyrom BapuanTe OMbiTa OCHOBaHHe BBOJMJIN Noce NycKa BO3Lyxa B TpyO- 
y; B 3TOM Culyuae GOKOBOHM OTBO He 3aMOUIHAMH. 

Kak BHHO H3 prc. 1, OOpaTHad peakilua perenepalluu xsOpodusia u3 ero 
OTOBOCCTAHOBJICHHOH (OpMbl C MaKCHMYMOM NorsomeHua mpH 520 mu user 
THOCHTeEJIbHO MejvieHHO. Ilocuie BBeeHHA CHJIbHOrO OCHOBaHHA (MuNepHsNHa 
IH aMMHaKa) NOrioujeHHe mpH 520 my pesko MasaeT, HW y2Ke B NepBy!lO MHHYTY 
sreHepupyer HCXOAHbIN xTOpomusa. [locaeaqyroujee BBeMeHHe KHCIOpOa yxe 
© H3MeHHAeT Normonuenua mpH 670 u 520 my. 

Ha puc. 2 noKa3aHO Takoe Ke ycKopsrollee JelicrBue NunepHAHHa H aMMH- 
<a Ha pereHepalluio HCXOAHOFO MpoToxopousa u ero CoTOBOCCTaHOBJIeHHOU 
OpMBI. 3a pereHepallWeli MpoTOXOpoipHa CIeLWIH MO pocry ero MakKCHMyMa 
orIoUleHHA pH 630 Mu MNO MakeHHtIo NOroueHHuA B OOJIacCTH MaKCHMYMa 
OTOBOCCTaHOBJIeHHOH dbopmpbl (mpu 470 mu). 

Pay OMbITOB C XJIOPOPUJIOM HU NpoToxopoduu- 
OM IIPOBOJHJIH 10 HHO Cxeme. CuJIbHOe OCHOBaHHe 
IMNe€PHAHH WIM AaMMHaK) BBOJWIN Wocle peakilHH 
OTOBOCCTaHOBJICHHA B OXJaKTeHHyIO Jo —40° 
earHPYIOWLyIO CMeCb, MpeBapHTeJIbHO ITYCTHB B 
oyOKy KuCMOpo Bosqyxa. HB 9TOM cayyae Tak: 
e HaOJllOJalocb ABHOe YCKOpeHHe pereHepalluu 
CXOMHOrO MHrMeHTa 3 eFO POTOBOCCTaHOBJIeHHON 
OPMbl OT NpHOaBJIeHHA CHJIbHOTO OCHOBAaHHA. 
| Mbi monbirasivcb MpoBecTH NOZOOHbIE OMbITHI C 
pacHol dbopmon dbeoduTHHa, OOpa3ya ee MPH KOM- 
ATHOH TemMMepaType, OXJaxKad o —40° u BBogA 
‘HOBaHHe; MbI OXKUaIu Mp 3YTOM OOPa3s0BaHHA 
[epBHYHOH» COpMbl, OOHapy2KeHHOH B padoTax 
BcTHrHeeBa HW T appusopot (*). OqHako pu 3TOM 
2 ylamocb HaOsloaTb CMeKTpaJIbHbIX H3MeHeCHHH, 
OTBETCTBYIOI[HX CMeKTPy WepBHYHOH MoOpMbl. 
O3MO2KHO, UTO B 3THX OMbITaX CHJIbHOe OCHOBaHHe 

TOJIbKO OTPbIBaeT IMPOTOH, KOMICHCHPYIOULMi 
PpulaTeIbHbIM 3apAy MOH-payuKaJla, HO H BejeT 
MOHu3alluu rpynnbl CH WuksIONeHTaHOBOrO KOWIbILa 
JIEKY Jbl IMTMeHTA. 
| Cneqyer, ofHako, paccmoTpetb Tak7Ke HHY1O 
OS8MOXKHOCTh YCKOpAoulero eHCTBMA OCHOBaH HM 
a oOpaTHylo peakIlMI0: WOHH3allHI0 He TOJIbKO 
OCCTAHOBJICHHOM (OpMbI MNHTMeHTAa, HO HM padMKaJia 


Cmaguu onuma 


Puc. 3. Cxema B3aumomepexo- 
JOB {ByX CoTOBOCCTaHOBJeH- 
HbIX POpM remaTonopdupHna B 
3aBHCHMOCTH OT yCJIOBH KHC- 
JIOTHO-OCHOBHOrO = paBHOBecHA. 
Vismenenna K B MakKCHMyMax 
MorlouleHusA reMaTomopdpupHHa 


OHOJerHpoackOpOHHOBOH KHCJIOTbI, BePpOATHO, 
Opasyemoro mpu doropeakunu. UroOb mpoBe- 
MMTb STY BO3MOXKHOCTh, MbI MOCTABMJIH OFbITHI C 
PHMeHeHHeM B KayecTBe BOCCTaHOBUTeIA eHHJI- 
(pasuHa — OCHOBaHHA, MOHM3alluA KOTOPOTO B 
(PHCYTCTBHH CHJIbHbIX OCHOBaHHH He MOsxKHA 
BemHuuBaTbcdx. B mMMpHAHHOBOM pacTBOpe peak- 
lua xopouiia c (ennIrupasHHoM Beer Kk 00- 
la30BaHHI0 «KpaCHOl» (PopMbI, KOTOPaA IIpH BBe- 
CHHH HeCKOJIbKMX KalleJIb NMMePHAHHa MPHOBeCHHO 
peppaliaerca B xsopocHi.  CileqoRaTeubHo, 
CHOBaHHA BJIMAIOT B 9THX OMbITaX HWMCHHO Ha 
@AKILMOHHOCHOCOOHOCTh BOCCTAHOBJIeHHbIX (opM 


fF 
\ 
| 


} 
i 


mpu 495 mv (1) u ero totosoc- 
CTAHOBJICHHBIX (pOpM pH 600Mp- 
(2) w 745 mv (3). Cmmpro- 
nupHyaMHosprit (10% nmapuguna) 
pacTBop remaTonopupHHa, om, 
20 mr ackopOMHOBOM KUCIO- 
Th, OcBeljeHHe 3 MMH. KHHO- 
gamnolt 500 pr 6e3 cBeTo@ub- 
Tpanpu 20°, famee oxsaxkye- 
Hue 20 — 40°, a — mpHOapse- 
HMe@ H@CKOJIbKUX Kallesb CMJIb- 
Horo OCHOBaHHA Nunepuyquna 
una NH4OH, b— mupu6aBnenne 
HeCKOJIbKUX Kaleb Je] AHOM 
CHsCOOH 


hurmeuta. Panee 6piio moKa3aHo (°), UTO TeMaTONOpPupUH B OCHOBHBIX cpeyax 
MMnepHiuH, MupuquH) oOpasyer orompofyKT Cc 
‘ua mipH 650 mu, a B Oomee KHCJIbIX—IIpH 740 mu 


MAaKCHMYMOM TIO vIoye- 
. STOT MHTMeHT pH oro- 
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BOCCTAHOBJICEHHH B CMHPTO-NHpuAHHOBOH cpese OOpasyeT XapakTepHbll 
MaKCHMYM pu 740 Mu, MbI Halli, YTO BBECH He OCHOBaHUA B STOT pacTBOP BENT} 
o6pas0BanMlo MakcuMyMa 1p 650 mp u jlasee kK ObICTpolt OOpaTHOH peakUMH C pe 
reHepaluelt nopcdupuna. IIpomexyTOuHbI; cieKTp yWaeTCA CHATL pu —40", 3a 
Meta OOpaTHy!o peakituio (cm. puc. 4). [IpHOaBseHue yKCyCHOH KUCJIOTHI 3 
pacrBopy, coyep»kamemy bopmy «650 mu», CHOBa BosBpalllaeT Popmy «740 Mu», ur 
MO2KHO MOBTOPATb MHOrOKpaTHO (cM. puc. 3). [locreneHHoe yMeHbUeHHe KOJIMYE: 
cTBa 3THX (bOpM OOBACHHETCH BCe BpeMA UAyueli OOpaTHOH peakl\veH. OTH omy 
Tbl 1OKa3bIBaloT, UTO POPMbl C MaKCHMY 
Mamu mpu 650 u 740 My. cBa3aHbl He 
YCJIOBHAMHM OKHCJICHHA — BOCCTAHOBJIeHHS 
(xJIOPHHOaKTePHOXJIOPHH), Kak MbI pep 
nmolaraiw paHee (°), a Cc YycCNOBMAMH 
KHCJIOTHO-OCHOBHOTO paBHOBeCHst. 
Tak Ke KaK MB Calyyae Apyrux mur! 
MeHTOB, y TeMaTonopdupuua mpoucxoyy} 
B pe3YJIbTaTe BOCIMPHATHA JIeEKTPOHA 0} 
MOJI€KY JIbI-,OHOPa OO pa30BaHue NepBuYHO 
cbopmpr (°), a B pe3yuJIbTaTe BOCIpuATHS 
IIpOTOHOB — (OpM C MaKCHMyMaMu Mpt 
650 umu 740 mu. TemaronopdupuyH umee? 
JBe KapOOKCHJIbHBIX TPyIMbl; BO3MO%KHO) 
yuTO OOpasoBaHHe (bopmb! «650 mu» oObael 
HACTCA HOHH3all\HeH KapOOKCHJIOB H CBASbIO 
TIpOTOHA C CHCTEMOH COMPA XKeHHbIX CBS 
3eH, B Oojlee %Ke KUCJIbIX cpemax (opm: 
«740 Mu») KapOOKCHUIbI He JMCCOMMHPOBaHh 
i i B cBa3H C 3THMH OMbITaMH MOKE 
600 700 600 500 mpe NpeIOMUTB UHTepImIpeTaluvio CIIeCKTPG 
—<—_—-4 MOPJIOUeHHA IMPORYKTOB doToBoccTaHosy 

JICHHA MHTMeHTCB B OJIH3KOH undpaxkpach 

Puc. 4. oropoccranosnenue remato- HOM OOacTH cMeKTpa, KOTOpOe MbI Ha 
nopdupuna. Cnupr c 10% nupaquna, OJlOJaJIH B CIMPTO-MHpHAMHOBBIX Cpefax (* 
20 mr ackopOuHOBor KHCJIOTEI. CnekTpbl y KOTOPOe, BO3MOXKHO, CuleLyer MpHMmUcatT 
Se ae ae Gane MOFIOWLeHHIO HaHOowee yas 
HeCKOJIbKUX Kallesib CusbHOTO OcHOBaKug HBbIX» BOCCTAHOBJICHHbIX (OPM IIMTMeHTOR3 
(TunMepHavua umM amMMMaka) Ipu — 40°, TakKuM o6pasom, H3 HallHX OTIbITOB cue 
4— wepes Yac mocme mycka Bosnyxa = tyeT, UTO B Pa3JIMYHbIX KHCJIOTHO-OCHOB} 


| 


“ 


, 
tf 


ICHHA HW PasJIMYHOH peakIMOHHOM CMOcoOHOCTBIO. | 

Orn oOcTosTeIbCTBAa cueyeT YYHTbIBATh MpH MouCcKax BOCCTAHOBJIEHHBIY 
(POpM MHIMeHTOB B XKMBbIX PaCTeHHAX, Te 3HaveHHe OCHOBHOCTH CpelbI MOE! 
ObITh HeOaPONPHATHLIM JIA OOpas0BaHA «KPaCHBIX» BOCCTAHOBJCHHBIX (opN 
XJIOpoduia. 

B sakJ0ueHHe MpHHOCHM GOvlarofsapHOcTb 3a OOcy2xeHHe paOorTH aka 
A. H. Tepexuny u B. B. Exscrurueesy. 


Mucrutyt 6voxumun um. A. H. Baxa Tlocrynuso 
Akalemun HayK CCCP soe Gin bs )sr3) 
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BHOXHMH A 


B. 9. MOHTOBHY u JI. M. NHHYYK 


O COJEP)KAHHHY JIETYUHX KHCJIOT B MJIONAX MAKA 
MACJIHNGHOLO 


(I]pedcmaeaexo axademuxom A. JI. Kypcanoeoim 28 I 1958) 


OyuUM 43 TyTel M3yYeHHA MacOOOpas0BaTeIbHOrO Mpolecca B CeMeHax 
BbICIUHX PaCTeHHH ABJIAeTCA H3YYeHHe PU3HOJIOFHH MWJIONOB, B YaCTHOCTH, UC- 
clelOBaHHe XapaKkTepa HaKOIMJI€HHA WH MpeBpalleHHA BelleCTB, MOCTYMar!ollUuXx 
B MIO{bl H38 aCCHMHJIMPYIOUHX OpraHOB pacTeHHl (HCTbA, CTeHKa M0). 

Ha ocHOBaHHH CBOHX NpeAbIAYUHX ACCIeEOBaHHH MIONOB Maka, Kacaiolllux CA 
aHATOMHYeECKOTO CTPOCHHA MIOLOB, ra30Boro pexKuMa Pa3HbIX ero TKaHel (3), 
XapakTepa NocrynmeHua B nosb CO, u AatbHelWero ee npespamenua (°*), 
MbI BbICKa3aJIH MpeWmooO*KeHHe O TOM, UTO He Bce COEMHEHHA, YUAaCTBYIOUHe 
3 CHHTeE3e 3allaCHbIX BellleCTB, OOpasyloTcA B CemeHax. B oOpa30BaHHu mpel- 
(UECTBCEHHHKOB %KUpa, MO-BUMMOMY, MIPHHUMaeT, HeMOcpelcCTBeHHOe yuacTHe 
Mi aleHTa. 

JI1a TOPO 4TOObI YCTaHOBUTb POJIb OTJCJIbHbIX BICEMCHTOB MOLa B CHHeTese 
3allaCHbIX BelleCTB, HAMM ObIJIO MpeMPHHATO [eTaJIbHOe H3yyeHHe 9THX Opra- 
{0B C TOUKH 3peHHA MOCTYMIeCHHA MW COepxXaHNA B HUX COeAMHEHHH, Hemocper- 
STBEHHO YUaCTBYIOUIMX B OOpa30BaHHH %*upa (YPveBOAbI, JIeTyYYHe KHCJIOTHI). 
Kak 4 B Mpembiqyujux onbirax (*), OObeKTOM CJIY2KHI MaCJIMYHbIM Mak. 

B uactosuel paOore u3ularaoTca pe3yJIbTaTbl H3YYeHHA COCTaBa JIeTYYHX 
<HCJIOT B WOJax MW JIMCTbAX Maka. OOpas0BaHHe STHX KUCJOT, OCOOeCHHO YK- 
*yYCHOH, MpescraBlser ocoOpili HHTepec WIA MaCIMUHbIX pacresHi. Henocper- 
-TBEHHOe y¥UaCTHe YKCYCHOM KUCJIOTLI B CHHTe3e %KUPa YCTAHOBJIeHO MHOFOUHC- 
ICHHbIMH HCCeqoBaHHAMM (°°), OHAKO 9STOT Mpomecc u38y4eH XOpOlo MIA 
{M3IUMX OpfaHv3MOB HM Ha XKHMBOTHBIX TKaHAX, yUaCTHe x*Ke alleTaTa B CHHTEse 
Kupa Y BbICIUMX pacTeHHlt usyaeHO HesocTraTOuHO. CmocoOHOcTb HeKOTOpbIx 
)praHOB BbICIUMX PacTeHHH (cemayOueH, MIOJOB) K MpeBpallleHUulo CM-alerara 
3 2KHPHbIe HW OPraHMyecKHe KHCJIOTHI WOKa3aHa JIMWb eXMHMYHbIMM padoTamMu 
7-—$ 

if eTORuK a. PacreHuaA MaCJIMYHOrO MaKa BbIpallMBa/IMCb Ha OMbITHOM 
mgactke Vucruryra cbusuomoruu pacrenuit (JIenuucKne roppl). CocraB mery4ux 
‘UCIOT OMpeeMAJICA B MWIOLaxX pasHOro BOspacTa — HaynHas C MOoMeHTa Cop- 
{MPOBaHHA CEMAH MW KOHYAaA MOUTH MOJHbIM MX CO3peBaHHeM. Bospacr MI0J0B 
Oo3HauvasICA UHCOM THe moce 3allBeTaHua pacreHuit. KopoOouku Maka TOT- 
‘aC M10 TIPpHHeCeHHIO HX C MOMA TUWaTeIbHO pasJeMAMCh Ha OTMC/IbHbIe YaCTH 
creHKYy, WwialleHty a cCemeHa). Jleryune KUHCJIOTbI OTOFHAJIMCh H3 CBexKErO 
fatepHasia. BeawunHa HaBecoK cocTaBlana or 10 Jo 25 r cbIporo Beca TKaHH. 
YHOBpeMeHHO OpaJIHCb HaBeCKH AIA OMpeeeHUA Bilay%KHOCTH MaTepHaila. 
lapaimenbHO aHaluSHpOBaJINCb JIMCTbA CpefHeroO H BepXHerO APYCOB. Bce 
Mepalluu, CBA3aHHble C MPHTOTOBJeCHHEM CHINKareA, PaseIeHHeM KUCJOT 
| AX KOJIMUeCTBCHHBIM OlpefesleHHeM, Mpou3sBoxusuch mo meToxy Pamses 
‘ Tarrepcoua (1°) B Mogu@uKauun Kperosuya u Jp. (4). Tlorexuvomerpuyeckoe 
YTPOBaHHe BbIAeIeHHBIX KUCJOT MPOM3BOAMIOCh pH MOMOULM MOTeHUMOMeTpa 


Il-5 co creKsIAHHbIM 3JIeKTPOOM. 
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Pe3yabptaT bl. Pesybrarbi atalusos 1956 r. mpeqcTaBleHbl Ha PHC. I, 
KOTOPbIM OTUCTJIHBO MOKa3bIBaeT, YTO COMepAAaHHe JeTYYHX KUCIOT USMCHACTCH| 
¢ BO3pacTOM Toa. Peskue H3MeHeCHUA HaOJIOLalOTCA B MaleHTe HW CTCHKE M107) 
jla, He3HauHTebuble — y AucTa u CemaH. MakcumasbHoe cojepkanue KUCIOT| 
B IvlalleuTe HW creHKe Hacrynmaet Ha 9—10 enh, B IMCTe MU CeMeHaX — HeCKOJIbKO 
paHblue. 

O6pamaer Ha ceOA BHUMaHHe OVCHb HU3KOe COepxKaHHe NeTYYHX KUCJOT) 
B CeMeHaX H BbICOKOe, NO CpaBHeHHIO C MocesqHuMU, B WWiakeHte. BropwuHblyi 
HOJ’beM KPHBOM Cofep%KaHUA KHCJOT MA TWialeHTbl HM CTeHKH TMocse 20 THeu! 
OObACHAeTCA, TO BCeli BePOATHOCTH, HOBOOOPa3s0BaHHeM KaKOH-TO pyrols 
KUCJIOTHI. | 

mn G05 0 80.(OH), 


va te cYyx. Geu. 
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me na 12 CYX. beuy 
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4 Co a 2 or 4 dE ie A Gee: | 

Pue. |. Comepxkanwe MeTyuuHX KHCJIOT B Puc. 2. ComepskaHue yKeycHOH (a) & | 
nmlofax Maka. / — naanenta, 2 — aAucT, MypaBbHHOH (6) KHCOT B MOsax Maka. 
3 — CT€HKa KOpoOOouKH, 4— cemeHa 1 —naauenta, 2—aucT, 3 — cTeHKa 


KopobouKH, 4 — cemeHa 


OnpenesieHue coctaBa JIeTyYux KHCIOT MponsBosMocb B 1957 r. IIpu pas 
Jle@eHHH OTTOHOB Ha KOJIOHKaX H3 CHMKareax OOHapyxKHaCb JIMIb OHE 
APKO-2*KeITad Womoca yKcycHou KucoTHI. [locie 3110OHPOBaHHA STOM KHCJIOTE 
Ha NOBePpXHOCTH CHJIMKaresiA OCTaBaslacb Oead, He STIOMPYyoOuladca TMooc: 
MYPaBbHHOM KuCOTHI. TakHuM OOpa3om, B Mw0aX MaKa OblIM OOHapyKeHb 
JIMUb [Be JICTYYHX KHCIOTHI! yYKCYCHad WH MypaBbuHasd. Taba. 1 noKkasprBaer, 


Ta6Oanna 


Cofep»kaHHe yKCYCHOM HM MYpaBbHHOH KHC/OT B MJOqax Maka 
(B mr Ha 1 r cyxoro BellecTBa) 


CemeHa Tlnayenta CreHKa Jluct 
Tun MyPaBb- My paBb- MyDaBb- | MY paBb- 
ykcycHaa es ykcycHaa ae ykKcycHasa reps ykKcycHaa seat 
2 0,78 Her il esl HeT 13,38 HeT 9,48 0 ,64 
5 HeT 0,69 NG 22 HeT 14,70 HeT 9 24 ~0,5 
i HeT 0,81 19,62 HeT 16,92 HeT 9,69 ~0,5 
fe) cvle {bl 0). Gre Zari HeT 15,96 HeT O48 LADS 
dls) 0,60 HET 22,05 1,49 15,87 cme WbI 8,97 ~0,5 
24 O) sul HeT yA 14,31 BNO) 6 , 44 9,60 ~0,0 
UTO MWIObl Maka COJepxKaT B OCHOBHOM YKCYCHY1O KHCJIOTY; MYpaBbuHaA M10) 
ABJIACTCA B CEMCHAaX BMECTO YKCYCHOM Ha 5—9 jleHb, a B MvlalleHTe HW CTeHKe + 
Ha 20 eHub, B MepHoX peskoro YMeHbUIeCHHA KOMYeCTBa YKCYCHOM KUCJOTHI| 
JIucr comep2KuT JIMIUb Cilebl MypaBbHHOH KHCJIOTHI. 


XapaktTep H3MeHeHHH B COepyKaHuH YKCYCHOM MH MYPaBbHHOli KUCJO1 
B OHTOreHese MpeqcTaBJIeH Ha puc. 2. | 
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IIpu conocrapienun puc. | u 2 o6HapyxuBaercaA OUCH OOuIbIOe CXOACTBO 
} XapakTepe KPHBbIX. Kak NOKa3bIBaeT PUC. 2, NOMbEM KPHBbIX COJepxKanna 
leTYYHX KHCJIOT B WWialleHTe H CTeHKe Nocuie 20 HEH pasBUTHA MIOMOB ABJIAeTCA 
e3YIbTATOM OOPa3sOBaHuA MH HaKOMMeHHA MYPaBbHHOH KuCOTHI. IlosBmenue 
{yPaBbHHOH KHCJIOTbI B CeMeHax (pHc. 2), MO-BHAHMOMY, Tak2Ke COBMajaer 
» T€PHOJOM HHTeCHCHBHOrO MOTpeOJIeHHA MMH YKCYCHOM KUCJIOTHI. 

OnpeyeieHue KOMYeCTBA MaCJIa B CeMeHaX S9THX MWIOJOB MOKasas0 ceLyio- 
wee: 


Bospact ceMaH, HH 2 5 a 9 415) 24 
Cojep>kaHHe 2Kupa, 
% Ha aOc. CyX. Bell. tO ae UWe,2 Bij A083 46 


IIpomecc HHTeHCHBHOrO OOpa30BaHHA MaCJia HauHHaeTCA noce 5 JHA 
IpofouwKaeTrca MpHMepHo Jo 13—15 AHA, Nocwe vero OHOCHHTeS 2%Upa NocTe- 
I€HHO 3aMeviaeTca. IIpH paccMoTpeHHH KPHBbIX PHC. 2 Mbl BHAHM, UTO HHTeH- 
*HBHOe OOPasOBaHHe alleTaTa B IalleHTe H CTCEHKE NPOHCXOMT B NepHos Mex Ly 
>u 15 HAMM; MO32%Ke COMepxaHHe ero pesKo Nagaer. IIpu conocraBseHHH TUX 
IBYX ABJICHHH BOSHUKAaeT MBICJIb O TOM, UTO Havaslo Mpolecca %XUpooOpasoBaHHA 
3 CeMeHaX KOPpevMpyeT C HakOMeHHeM alleTaTa B MlalleHTe H MOCTYyMIeHHeM 
rO B CeMeHa. 

Kak lOKa3aHO Ha puHc. 2, XapaKTep HaKOMVJICHHA alleTaTa B CTeHKe loa 
{ JIMCTbAX BeCbMa Pa3JINYeH, XOTA CTeHKa Oa TakxKe ABIAeTCA CPOTOCHHTE- 
sMpyrouleHt TKaHbIO (1, °). MHTeHCHBHOCTb (OTOCHHTe3a CTEHKH MOfa He yCTy- 
1aeT HHTCHCHBHOCTH (POTOCHHTe3a JINCTbeB BepxXHero Apyca. Tem He MeHee, Xa- 
JakTep OOpa30BaHHA H HaKOMeHHA alleTaTa B CTeHKe CXOJeH He C JIMCTOM, 
1 Cc TerepoTpopHOH TKaHbIO — MJaleHTOH. 

TlomyueHHble pe3VIbTaTb! MO3BOIAIOT CeaTb CJIeAyIOWHe BbIBOLHI: 

1. W3 opranwyueckux sleTyuuX KHCJIOT MWIOAbl MaCIMYHOrO MaKa COJlepKarT 
‘IaBHbIM O6pa3om ykcycHyto KucuioTy. MypaBbunad KMCIOTAa MOABAeTCA JIHIWb 
3 OIPeWeeHHble MepHOAb! pasBUTHA MIOOB B HEOOJbINOM KOJMUECTBE. 

2. OOpa30BaHue HW HaKOMJeHHe KHCJOT B PasJIMYHbIX YaCTAX MOa (CTeHKe, 
WlalleHTe, CeMeHax) H B JIHCTe H3MeHATCA B OHTOFeHe3se HM MEET PasJINUHbIH 
capaKTep. 

3. MakcuMaJibHad CKOpOCTbh OOpa30BaHHA HM HaKOMICHHA YKCYCHOM KHCJOTHI 
3 CTeEHKe H OCOOeHHO IMvialleHTe COBMaaeT C MepHOJOM HHTeCHCHBHOTO CHHTE3a 
Macjla B CeMeHaXx. 

4. Bo3MoxKHO HCHOb30BaHHe CeMeHaMH YKCYCHOM KUCJIOTHI, OOpasy1oulenca 
3 MalleHTe, IWIst CHHTe3a 2Kupa. 


Toerynuo, 
Vom os 
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Jloxxann Axkagemuu nayx CCCP 
1958. Tom 120, Ni 3 


XHMHYIECKAA TEXHOJIOLH F 


A. HW. BATKHH xu T. MI. MJIOTHHKOBA 


IJIEK TPOJIUTHYUECKOE OCADKAEHWE BJIECTAWINX OCA/IKOB 
OJIOBA HA )KECTH H3 3JIEK TPOJINTOB-PACTIJIABOB 


(I1pedcmaéaeno axademuxom H, II]. Bapdunoim 15 I 1958) 


[lomyyeHne Ovlecraulero 3epKaJIbHOrO MOKPbITHA HeMOCPeACTBeHHO IIp} 
QIEKTPOMH8e, Oe3 CMEMMaIbHbIX JIOMOHUTEIbHbIX YCTPOHCTB MO OMaBJIeHHIt 
OJOBAHHOTO OCaliKa, ABIAeCTCA JaBHHHeH MeyTOH ucceqoBaTeteH. B 9TON 
calyyae 43 COX%KHOM TeXHONOrMYeCKOH emu Mmpowecca yuo Obl OYeHb TPY TOF 
eMKOe HM JOporoe 3BeHO — OMWaBsIeHHe, CBA3AHHOe C 3aTpPaTOH 9HEpruH (TeMJIO 
BOH, QJIEKTPHYeCKOH), CJIOMKHbLIM BIEKTPOOOOPYAOBaHveM H PATOM BOSHHKa 
IHX MOPOKOB — MpoOxOroB, MATeH, Y30PpOB Ha NOBepXHOCTH HT. J. 

B nocsaeqHHe TOXbl NPOBOAATCH HCCeAOBaHHA MpolleccoB MOyueHUA Oule 
CTAMLMX OJIOBAHHBIX OCaOK U3 93IJICKTPOJHTOB-pacTBOpoB. B 3JIeKTPOJIHTE 
BBOJAT CMelWabHble JOOaBKH OmeckooOpasoBatemeH. J[o cero BpeMeHH 937 
paOorTbl He BbILWIH 3a Mpeesbl JaOopaTopun. 

Ilonyuaemble 3epKaJIbHbIe MOKPbITHA OTMHYAIOTCA MeIKOKPHCTalIMyecKh 
cTpoeHiemM. OfHako HeOOXOHMO YKa3aTb, UTO 3€PKaJIbHbIM OeCK OCaNKOB H 
MOXKeT CJYKUTb CMHCTBCHHBIM KPHTepHeM OILeHKH KauecTBa OesIOH 2KeCTH. 

PeulatolluM B KOHE€YHOM HTOre OKa3bIBaeTCA KOPPO3HOHHaA YCTOMUUBOCT! 
Baecrauue ocaqKu, M0 CyulecTByY, HEMHOrHM OTJIMUaIOTCA OT MATOBBIX OCas 
KOB, NOJY4aeMbIX B OOBIUHbIX PaCTBOPaX. OTH OCaNKM YCTYMaIoT OMaBJIeHHbIM| 
B CTOMKOCTH IIpOTHB KOPpO38HH HM MOPO30YCTOHYMBOCTH, T. e. CKJIOHHOCTH'K Te 
pexogy }-om0Ba B &-mModuduKayuio. Tlonpirku 9nexTpomMTHMyecKorO ocaxkKe 
HHA O/IOBa M3 paclaBOB HMesIM MecTO pauHee (1). 

Bompoc 0 HOBOM cllocoGe SeKTPOJHTHYeCKOLO Jy KeHUA B IIEKTPOMHTAX} 
pacilaBaxX CHOBa BO3HHK B paOotax A. VW. Burkuna c corp. no uccameno 
BaHUulo MpOleccoB, MpOTeKaroluX Ha rpanulle pasdela ABYX *KUAKUX thas caro. 
OJIOBO IIpH ropsuem JyxeHHu x»XecTu (*). Korga o6HapyxKusca daKT BbICAaKE 
BaHHA O0Ba U3 dilOCa Ha %KecTh nepek ee MOrpyxKeHveM B BaHHy ropsayerd 
JY2KeHUA, ObLIM MpOBeeHbI OMBbITbI B IWMPOKOM JHama30He BpemMeHH (ct), TeMMe: 
patypbi (7) 4 KONMeHTpallun xsopucroro onoBa (C), Kak aKTUBHOI COCTAaBAAIC 
mek duoca. M3pneuenupble nocae coorBercTByIOlleli BbIepxKKU B BaHHe my Kel 
HMA OOpasilbl *KeCTH B 3aBUCHMOCTH OT 38HayeHU t, Tn C umenu Ha ocbsi0coBaH 
HOH MOBePXHOCTH ABHO BbIpaxKeHHblit COL O0Ba, MpH4eM Ha MHOrHX OOpas: 
Wax pa3JiM4aIM IB 30Hbl MOKPbITHA: MepByto, Ooee 3ameTHYy1O, yY paHHly 
(pli0c-O0BO: BaHHbI, BbIIle OOBAHHOTO MeHHCKa, H BTOPyO — Ha OCTaJIbHOll 
moBepxHocTu. C yBelHueHuem 3HaueHHli t, T u C Opin MOJIYYCHbI OJIOBAHHDIG 
NOKPHITHA OTHOCHTEIbHO OONbUeli TOMMIMHbI— oKONO 3 pw. Oru NOKpBITHH 
y Ke ObWIM OIVaBJIeHHbIMH C Pe3KO BbIPAKeHHbIM KarwleoOpasoBanHem, a HOTA 
4 6e3 Hero (puc. 1). 

QUEKTPOXMMHYCCKHE MPOLWECChI, ABMAIOULHECA TIpHYHHO! ocaxMeHUA OM0BA 
43 (piroca Ha XKeCTH, Obl H3y4YeHbI Ha CucTemax Sn (pacniaB comet) — Fe: 

CucTeMbI COCTOAMH H3 XKMIKOTO SeKTPOa — osOBa, TBePAOrO SeKTpPORa 
*Kee3a (2KeCTH) HM paciaBa XJIOPUAOB IMHKA, O0Ba, Kalua 1 JPyTux MeTaJJIO# 
B Pa3JIMYHbIX COOTHOLICHHAX. 

B pesybrate u3mMepeHHua SJCKTPOABWKYILHX CHJI YKa8aHHbIX CUCTeM ObwIC 
OOHAPYKeHO, TO OMOBO ABMIAETCA Gomee IEKTPOOTPHULATeJIbHbIM IIEKTPOLOM — 
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\HOJIOM, MepeXOJALLUM B COJIEBOH pacllaB, OTKY a OHO BbICAKUBAJIOCb Ha XKeCTh, 
da puc. 2 noka3aHa ocuMWorpammMa B KoopaHHatax E — + (cuatan I. B. Py- 
MAHWEBOH), KOTOPad XapakTepHsyer XOX Mmpomecca ocarxKNeHuA, 3aTyxaloulero 


: po 7 


Puc. 1. Ocaxyenue of0Bpa Ha 2eCTH B pacnsmaBe comelt (ZnCl 4+ SnCle), 

HaBeJeHHEIX Ha 3e€pKaNO %XHAKOTO OM0Ba npu t= 340°. a — 2% SnCle, 

30 muH.; 6 — 100% SnClsz, 30 cex. / — mMeTrammnuueckoe O0BO BaHHBI, 
2 — MeTaJIJIM4eCKOe O0BO, BbICaKeHHOe HZ pacimaBa; 38— xecTb 


yxKe mocuie NepBbIX CeKYH paOoTbl radbBaHuyeckoH nNapbl Sn — Fe. Oguako 
KpuBan & — +t, lpHOuMxKaAcb K OCH aOCMCc, He CJIMBaeTCA C HEH B TeyeHHe 
JJIMTebHOFO Mepvosa BpeMeHH. CylHOCTb 9TOFO ABJICHHA 3akJIOUaeTCA B! TOM, 
YTO B MepBbIH MOMeCHT PaOOTbI CHCTeMbI Pa3HOCTb MOTeHMMaJIOB OIOBa Hi *Kesesa 


PPL APD LK BMP AYLD PRPPPPEAADRDPASLAP ALAR AROR A MSDS ENS AE ONE SDSL EE MRE ESSE DSP Ait 


ie eos ‘a a haat 


Puc. 2. OcunmmorpamMa 9.f.c. radbBaHuyeckonw mappl Sn—Fe (pacnmap comet 
50% ZnCle+50% SnCle npu t= 340°), A:E=81,7 ms, t= 0,104 cex.; 
IB BID = NGA Wee Go eh May aererze: 


MaKCHMaJibHa. B mocjelylolive CeKYHbI, H3-3a BbICaKHBaHHA OJIOBa Ha KaTOjle- 
ero MOTeHIMal CABUraerca B CTOPOHY Oouee OTPHaTeIbHbIX 3HaYeHHU, MpH- 
6uxKaACch K 3HAYeHHIO MOTeHUMasa OIOBa. O1HaKO u43-3a OOpas0BaHHA MHTep- 
mMeTauiuueckoro coeqHHeHua Fe — Sn wa rpaHulle %KecTbh—OJIOBO HM xOJa Aud- 
y3un xXesesa AKeCTH B OJOBO NOKPbITHA, MOCMeWHee OTMYAeTCA NO CBONM GU, 
3HKO-XHMHUCCKHM CBOHCTBaM OT YHCTOFO O0Ba aHosa. 

Visyuenue yKa3aHHoro mpouecca MpHBeO K BbIBOAY O lesecooOpasHocrn 
HaJlO2KeCHUA BHEIIHerO TOKA C IeJIbIO MOBbILeHHA CKOPOCTH OcaxKenuA. Jieit- 
CTBUTEJIbHO, pH MOABOe BHELIHEFO TOKA K 9/IeKTPOAaM NPN MIOTHOCTAX TOKAa 
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40—70 a/am? 6plulo O6Hapy2KeHO YCHJICHHOe BbICaXKMBaHHe OJIOBa H3 pacilaB 
Ha 2KecTb. CKopocrb ocaxKJeHHA BEIpOcsa B 5B—10 pa3, H 3aBHCHMOCTb TOJLLIHH by 
ocayka / oT BpeMeHH t NOMYHHAMACh OObIUHIM 3AKOHOMEPHOCTAM JJICKTPOJIA 
THYeCKOrO Mporecca. | 

B KoopyuHatax fA —vt TOJMMMHa OTMOKeHUA XapakTepHsyeTCA MpPAMbIM 
(puc. 3), yrouI HaksIOHa KOTOPbIX COOTBETCTBYeT CKOPOCTH TIpollecca MpH aHHbIx 
Dp U Yr. CkopocTb mpouecca IIeKTPOMHTHYeCKOra 
JIY2KCHUA B COJICBbIX paCIIaBaxX MO3BO/IMIAa yxKe 3 
1—2ceK. NOJJYUHTb 3aMeTHbIM COM ocaxKJeHHOr 
ooBa TomuHHOH | » upx D, = 40 a/am? u Temne-+ 
patype pacnaBa T = 350—400°. OcaxjeHHoe O/0BO 
H3 9QJIEKTPOJIMTa-paciiaBa, Mp TemMepatypax BbILI 
TOUKH IaBJIeHHA OJIOBa, CeH4acC %Ke OMMMaBJIAJIOCb,| 
M eFO CTPyKTYpa CTaHOBHJaCb aHaJIOrHyHOH CTpyK-: 
Type MOKpbiITHA OObIMHOH SIeKTPOJYKeHOH  %KecTH! 
C OMMaBJICHHbIM MATOBbIM OCaJKOM. | 

Takum OOpa30m, MouyueHHble OIeCTALLHe 3ePKaJIb- 
Hble MOKPbITHA H3 SJICKTPOJIMTOB-paCaBOB MPHH- 
IMMHaIbHO OTJHYaIHCb OT OJeCTAUIHX OCAaKOB H3 
SJIEKTPOJIHTOB-PaCTBOpOB Cc oOaBKamMu OwecKooOpa-: 
3oBateleH. IloKpbirHA 43 paCaBoOB ABJIAIOTCA MOUI-4 
Puc. 3. SaBucumMocTb To- HOILCHHbIMH B  CMBICJIe KOPPO3HOHHOH CTOMKOCTH 
MIHHDI ONOBAHHOTO COA OT ye MOPOZOYCTOMYMBOCTH IIPOTHB Nepexosa B-O1OBa 
BDeMeHH IIpH OCaxKMeHUH U3 B o&-MOJ MK allio. 
PacnaBa comen50% ZnCle+- 6 . 
+ 50% SnCle npn temne- B nepppit mepHoy ucceqoBaHuli He yaBaulOCb M10- 
patype 340°. J — 6e3 Troxa, JIYYHTb PaBHOMePHOrO PacTeKaHHA OOBa, 6e3 Kare 
le ae cast aenag oOpasoBaHua. TouIbKO B pesyJIbTaTe YTOUHeEHUA CocTa- 

penHo 15 1 40 a/zu2) Ba QJe€KTPOMHTa ObWIH MOCTHTHYTbI oOnpeeeHHbIe 

ycnexu. Jlyyilve pesyibtTaTbl ObWIHM NOyyeHbI pH 
paOore TaKUX 9/1eKTPOJIHTOB (cocTaB B Bec. MpoleHTax): 

1. SnCle 80, ZnCle 5, KCI ey 

2, SnCle 80, ZnCle 5, KF 15? 

3, SnCle 75, ZnCle 5, NHsCl 5, KCI 15: 

4: SnCle 64, ZnCls 4,5, KCl27; AlCl, 45; 

IIpu BBeqenun B anektTpoaut KF pmecto KC! JIETYYECTH PacilaBa 3HauHTeVIb- | 
HO CHHxKaJlacb. Kpome Toro, B Weax CHMKeHUA JeTyUeCTH Temlepatypy ero. 


) 


| 
} 
| 
| 
| 


Pacrnab 
caneu 


Petorttsty sy 


Sty 


Sn 


ertisesss 


Puc. 4. Bapnantst ucnomp3opanua SJEKTPOMHTOB-pactaBoB Was 
SJIEKTPOMMTHYECKOLO JIyXKCHUA 2KeCTH 


BO BP€MA SeKTPOMH3a ep2XKau He Bolle 350°. OntuMambHOe paccTOAHHe MExK LY 
aHOJOM HW KaTOROM OblvIO ycraHoBsIeHO B 10—12 uM. IIpu paGore c yKa3aHnbiMHn 
21CKTPOHTaMK MpH D,= 200—300 a/am? uv y= 100% Onuin NOMYYCHbI 3epKasb- | 
HbIC TOKPbITHA Oe3 Kaleo6pasoBaHua, TOMMUHOL 7—10 pM t= 3—). ce 
Caelyer ormeruts, uTo SIEKTPOJIMTbI IPHBECHHbIX COCTABOB ABJIAIOTCA yOBu1e- 


TBOPHTCIbHEIMM TOJIbKO Ha M€pBOM Stale HCCAe_OBaHHii u B TasIbHeH Wem Oy yT 
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HavHTeIbHO BULOM3SMeHATECA. Tak 2Ke JOJIKHbI ObITS H3YUCHbI YCIOBHA IIeKTPO- 
W3a U3 OOe3BOXKCHHbIX PaCMaBOB HW Up pabore UX B YCJOBUAX 3allLMTHOH ar- 
1ocbepnl. 

IIpakTuyeckoe MPHMeHEHHE 92JIeCKTPOJMTOB-pacMaBOB JIA 3JIEKTPOMHTH- 
€CKOFO JIYKCHHA %KeCTH MpeACTaBJIAeTCH BO3MOXHBIM OCYLICCTBHTb IPH To- 
MM3OHTAJIbHOM PaCHOJIOXKeHHH XWUAKOTO OJOBAHHOFO aHOlla H TOPH30HTaJIbHOM 
BIWKeHHH CTaJIbHOH JIeCHTHI (KaTOa). . 
_ JleHTa MOXeT CKOJIb3HTb CBOeH HUKHEM NOBEPXHOCTHIO NO 3epKaJy IIeKTPO- 
‘uta. I]pu 3TOM MOXKHO MOJYUUTb OMHOCTOPOHHE JIY2KeHYIO XKECTb WIM KeCTb 
| udiepeHWHpOBaHHbIM NMOKpbiTHem (pu. 4). 

MoxkHO Tak2ke TpHMeHHTb HM BePTHKaJbHbIe AHOAbI B BUe MWOCKHX CTeK- 
IMHHBIX COCYJOB C BEPTHKaJIbHbIMH CTeHKaMH H3 MNOPHCTOrO CTeKJIa, BHYTPH 
<OTOPbIX HaXOJMTCA KUTKOe OOBO. 


LlenTpabHEI HayuHO-HcceqoBaTebcKHH Ilocrynua0 
HHCTHTYT YePHOH MeTaLIyprun 30 X 1957 


WHTHPOBAHHAA JINTEPATYPA 
1 Tp. JlenuurpagcKoro opfena Tpygosoro Kpacnoro SHaMeHH XHMHKO-TeXHOJIOrHYeCKOrO 


fHCTHTYTa uM. JleHcoBeta, B. 8, 157—172, 1940, 
| 2A.U. Burxun, Mss. AH CCCP, OTH, -N 5 (1956). 
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Jloxaxaymn AkayeMuu HayK cGGP 
1958 r. Tom 120, Ne 3 


XHMHYECKAA TEXHOJIOFH 
nN. A. MATHKON 
K W30OMOP®H3MY COE MHEHMM Ca0-Fe,0; CaO-Cr,0; 


(IIpedcmaeaeno akademuxom H. B. Beaoeoim 21 I 1958) 


| 
| 
| 
1 
1 
i 


B MapTeHOBCKMX CTaJIeMJIaBMJIbHbIX WlakaxX WM B lWWiaKkaX OT BbINABKM) 
(beppoxpoma Hapayy ¢ ApyrHMM MMHepaslaMH YacTO BCTPeyaloTCH Kak MOHO- 
KasIbliveBbiit (bepput (CaO-Fe,O3), Tak WM MOHOKAJIbUMeBbI XPOMAT (CaO -Cr.O3).. 
QTM [Ba COeMMHeHHA MpescTaBuisIoT cOOOM HHTepec C TOUKM 3peHHA UX Bau) 
MOMLeHCTBHA HM BOSMOXHOCTH OOpasOBaHHA Me?%KAY HMMM TBEPAbIX PaCTBOPOB.» 

Vizsnectuo (1), uro mogoOnoro poga coeguHenma CaO-Cr,O; uM CaO: Al,O3) 
oOpasyioT MexKIy coOol HeMpepbIBHbIi pA TBEPALIX pacTBOPOB, XOTH PaCXO?K-) 
jlenve B BeNMUHHAX HOHHBIX paguycos y Al** (0,57A) a Cr?* (0,65A) HecKOJIb-) 
KO 6ombiue, yem y Fe®* (0,67A) nu Cr?”. 


Puc. 1. Muxpodororpatbuu o6pasioB Cc pa3sMYHbIM COOTHOLUCHHEM HCXOJHbIX KOMIOHEHTOB CaO: 

- FegO3: CaO-CreO3. a— 1 : 3; 6— 1: 3; e— 1: 1. Beanie 3epHa—cepputoxpomuT Kasbuua CaO: 

.(Fe, Cr),O3 (a u 6) H XpomuTodeppuT Kabiua CaO-(Cr, Fe)2O3 (0): wepHbie yuacroukd—nopbl. 
Cer oTpaxkeHHpi. 60 X 

Ilpwnumasa BO BHUMaHHe OsM30CTb HOHHbIX paguycoB Fe** u Cr’*, a TakxKe 
CXOJCTBO KpHcTasMuecKHX pelleToK CaO-Fe,O; u CaO-Cr,O, (?), Mbl mpey- 
nolOomKNIM B cHcTemMe CaO-Fe,O; —CaO-Cr,O, Hasmune HelpepbiBHOrO psa 
TBepjbIX pacTBOpoB. MmerouMecs B WHTepaType JlaHHble (°,4) O BO3MO%KHOCTH 
BXOXKJECHHA OKHCH %eJlesa B MOJIeKyIy CaO-Cr,O, roBOpaAT B NOJIb3y STOO. 
ripe AMOJIO*KeHHA. 

JA McCCeOBaHHA JaHHOM CHCTeMbI ObIJIM B3ATBI B pa3JIMUHbIX COOTHOLIEe- 
HHAX CHHTe3HPOBaHHble W3 YHCTHIX OKHcIOB coetMHeHUA CaO-Fe,O,; u 8-cbopma 
CaO-Cr,O3, ycroHunBaa fo 1570° (°). 

TOHKOH3MeJIbUCHHbI€ CMeCCH 3THX COeMMHEHHU, OTMpeccoBaHHble B dopMe 
I[MJIMH],pHKOB pasMepom 20 X 20 MM, JIByXKpaTHO OO*KHraJMcb B KPHMTOJIOBOM 
meu, mocyle wero MCCeqOBaJIMCb MO, MHKPOCKONOM B llwtMdaxX H HMMepCHOH- 
HbIX IIpenapaTax, B MpOXOAAMeM HM OTpaxkeHHOM cBeTe. Ha ocHOBaHHH MUKpo- 
CKOMMYeCKOrO HCCIeMOBaHMA, pe3yJIbTaTbI KOTOpOrO TipwBeyzeHbl B Tabu. |, 
JIA BCeX MOJYYeHHbIX MocJIe OOxKuUra OOpasIloB — Cc pa3JIMYHbIM COOTHOMIeHHeM 
HCXOJHbIX KOMIIOHEHTOB — ObINO YCTaHOBJIeHO cJlefylorlee: 

1) OMHOpOAHOCTh UM MOJHOKPHCTamIMyecKOe CTPOeHHe C HaJIMYMeM TOJIbKO 
OWHOH MMHepabHoH ca3sbi (puc. 1); 

2) mlocTeneHHoe, PaBHOMepHOe HM 3aKOHOMepHoe U3MeHeHHe NMoKa3saTevelt 
CBETOMPeJIOMIeHHA OOpasylouleHcA MMHepaJbHOH (a3bl B OOpa3llax c pa3svMu- 
HBIM COOTHOMMeHHeM CaO-Fe,O; u CaO-Cr.O, (pyc. 2); 

3) CPaBHUTeJbHOe MOCTOMHCTBO CHJIbI JBOMHOFO sy UenpeOMIeHHA; 

4) rlocTeneHHoe W3MeHeHHe OKpaCKH OT APKO-KpacHoH Ja unctoro CaQ- 
-Fe,O; 40 TemHo-seneHo quia uuctoro CaO-Cr,O, c mosBmenwvem xapaxkTep- 
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soro jaa CaO-Cr,03 mileoxpow3ma B oOpasiax, comep2KalllMx CaO -Cr,Os 
B KOJMUeCTBe 25% MH BBILIEe; 
5) usMeHenve POpMbI KPHCTAJWIOB OT HempaBHJIbHOH B YACTOM CaO -Fe,O3 


310 KOPOTKOMpusMaTHyecKOH B YHCTOM CaO: Cr,O3. 
Ha ocHoBaHud MpvBeeHHbIX [aH 


HbIX Mbl [PHI K BbIBOAy O CYLIe- 
cTBOBaHHH B cucreme CaO-Fe,O,—| 
CaO-Cr,O, HempepbIBHOrO pxa TBep- 
weix pacrBopos. IlocuieqHHe, B 3aBH> 
CUMOCTH OT KOJIMYeCTBAa BXOJALLMX| 
BUX COCTAB OKHCH *KeJle3sa WIA OKMCH) 
XpoMa, MOryT BbipaxkaTbcA oomlen| 
bopmynoit: CaO: (Fe, Cr) 03 (bepputo- 
XPOMMT KasIbiyuA) “tH CaO - (Cr, Fe),Os, 
(xpoMuTOeppHT KaJIbI{MA). } 
TIposeyenupie B. 1. CyxapeBcKum) 
je wa. RE RGD pentTrenorpadHyueckve MCCJIeOBaHHA} 
Ca0-Er,0, Ca0-Fe,0, yKa3aHHbIxX B Ta6sMIle OOpasiloB OJ} 
. HOCTbIO NOATBEPAWIM HasMune HeIIpe- 
Puc. 2. Tloka3aremu mpesIOMeHHA TBEPbIX PbIBHOrTO pxAya TBep ]bIX pacTBOpoR 
pactsopos CaO-Fex0s—CaO-Cr2O3 Mexy coequnenuamu CaO-Fe,O; 4 
CaO-Cr,03, HeCMOTpa Ha TO, 4TO 
‘yKa3aHHble COCHHEHHA OTHOCATCA, OYeBYAHO, K pa3JIMYHbIM KpucTaswIorpa- 
cbuueckuM cucremaM. Tak, coeyMnenve CaO-Cr,O3 Canaya ofHO3HayHO OTHOCHT. 
K poMOuyecko cucteme (7); coequHeHve xe CaO-Fe,O,; Cocman wu Mepsyi 
OTHOCAT K TeTparoHasIbHOH cucTeme (°,”), a Haxken u [pronpasiby (°), Tak Ke 
KaK HW pa Apyrux uccmenopatenel (°,1°),— x pomOnueckol cucteme. Mpl 2Ke 
Ha OCHOBaHMH peHTrenorpaduyeckux uccweqoBaHuli, coequHeHHe CaO-Fe,O, 
CKJIOHHbI OTHECTH K TeTParOHaJIbHOH cucTeMe. 

Ha meOaerpamMax uccJleqyemoH cepwu oOpa3iloB, XapakTepH3yIOUAxcs 
pasmMuHbIM cooTHOMeHHem CaO-Fe,O; un CaO-Cr,O3, or unctoro CaO-Cr,0. 
K unctomy CaO-Fe,O, Ha6smogaetcs mocrenenHoe cOmm«KeHHe sIMHHH Akl c 
sunnsima kA. Jina uactoro CaO-Fe,O; 2TH JHMM CuIMBaloTCA Mexyy coool, 
uTO yKa3bIBaeT Ha Tepexoy, poMOuueckoli pelieTKH B TeTparoHabuy1o. Ile 
Janupm TI. B. Boxus (14), cammetpua Kpucrasviop mp o6pa3s0BaHHv TBEPIBIX | 
pacTBOpoB He urpaeT OombuIoH pom. Topasqo G6omee BayKHbIM (PaKTOPOM AB- 
JIAIOTCH pa3sMepbl H (POpMbI AYeeK KPHCTasWIMueCKHX pellleTOK. SHayeHHe Ke | 
MapaMeTpoB Jia poMOvyeckoli pemeTKH CaO-Cr,O3; mo faHHbIM Bypzese (7) 
(a = 9,03A, 6=10,58A, c= 2,96A) yKa3bIBaeT Ha 3HauUHTesIbHYy!O Sa 
BeIMYHH @ UH O, KOTOpPHIe B TeTparOHaJIbHO pelleTKe PaBHbI MexKLy coboli. 
RA hae Dole Se ae pemetku CaO-Cr,O3 MW TeTparoHaJib- 

2Vs, *Ke ONM30cTh MOHHbIX paguycop Fe? wu Cr3* 
MW OOYCJOBJIMBaIOT BO3MOX%KHOCTh OOpas0BaHHA HelpepbIBHOTO pAa TBePAbIX 
pacTBopoB B cucTeme CaO-Fe,O; — CaO-Cr,Os. 

Ecsm 2Ke TIpHHATL, YTO CoemMHeHve CaO-Fe,O3; oTHOcHTCa K poOMON4eCKON 
cucTeMe, TO OOpas0BaHHe TBePJIbIX PaCTBOPOB Me?K]ly yKa3aHHbIMH COe]IMHe- 
HASMM CTAHOBUTCA elle Oouee OUCBHHBIM. 

Beecoro3Hbl + HaydHO-HCCIeOBaATeIbCKHIt Tlocrynusio 

HHCTHTYT OrHeynOpoB 1a 958 
UWHMTHPOBAHHAA JMTEPATYPA 


10). Bale ean ILA 012, 75:(1939)i* WW Pe Foi gW es eescre: mae 
‘Ceram. Soc., 47, M 6 (1948). 2]. C. Benauxun, B. B. pan re bee eee 
Ilerporpadua Texuuyeckoro kamua, Maa. AH CCCP, 1952. 4 J.C. Be 1 auKkuu, B. B. Jlanu Hy, 
a O1, Ni 4 (1958), $1. Onvuanceuit, A.W. set Kos, B. K. Il aenos, 

ee oe 5 (1954). A.H. Buuueaa, Ontuka 4 MHKpocKONHsA UCKyCCTBeCHHBIX MHHe- 
P 5 Wlsish. A.C.Beaauxkun, B.B. Jlanuu, H. A. Toponos, OusnKko-xumu- 
ane CHCTeMbI CHIMKaTHOW TexHosoruy, 1954. 8 TI..bBy quuKxos,A.C Be pexuHok 
ae aes 5 (1948). 9TL MW. By qoukos, A.C. Bepexuo it, Peaxunn B TBep- 
eae eee TY. ManpxBpopnu, B. UWupuanu, COopx. Ousnueckat xHmMua 
ee By , 1956, crp. 102. "T. B. Box u i, Baemenue B kprcranmoxumun, M., 1954. 
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XHMHYECKAA TEXHOJIO[HA 


C. C. YPASOBCKHH, B. A. BOJIOWIHH u A. H. BbICOTCKAA 


TEMJIOTbE CPOPAHHS H CTPYKTYPA TFA30BOr0O YIJIA 
WM TBEPJbIX NMPOAYKTOB ErO TEPMHYECKONM JIECTPYKUWHH 


(ITpedcmaéaeno axademutkom IT. A. Pe6undepom 13 I 1958) 


_ B nocwequee Bpema’ Obl MpoBeleH pA uCceqoBaHMH CTpyKTYpbI yrael c 
PHBJeVeHHeM BeJIMYHHbI TeMIOTHI CropanuA. OHUuM u3 HanOoulee CHCTemMaTH- 
€CKHX HCCJIeAOBaHHH B 9TOM OOMacTH ABsJIAeTCA padora Ilyfepa un Ban-Kpe- 
eleHa (*). O{HaKO HECMOTPA Ha TO UTO MMH Obi COOpaH OOWIMPHbIM skcIepuMeH- 
aJIbHbIH MaTepHaJI HW BbIBeEeH PA HHTePeCHbIX COOTHOIeHHH, aBTOPaM He yJa- 
OCb NOJYYMTh Ha OCHOBAHHH KaJIOPHMeTPHYCCKHX JaHHbIX HOBbIX CBe,eHHIi 
-CTPYKTYpe yrOJIbHOro BellecTBa. OfHa H3 NPHUHH ZTOH HeyauH 3akLOUaeTCA, 
O-BHHMOMY, B TOM, 4TO AaBTOPbI, MbITaiCbh MpeCTaBHTb BeJIMYHHY TeMJIOTHI 
TOpaHHA JIMWb Kak PYHKIMIO XHMHYeCKOLO CTPOeCHHA MOJIeEKYJI HCCIeyeMoro 
ellecTBa, T. €. BHYTPHMOJICKYJAPHOFO B3aMMOJeHCTBUA aTOMOB, MpeHeOpervii 
[(e2KMOJICKYJIAPHbIM B3aHMOJeHCTBHeM, HeMOCPeACTBeEHHO OMIPeJeJIAIOULHM ar- 
eraTHOe CTPOeCHHe KOHJCHCHPOBaHHbIX (pa3. BaaroflapaA 3TOMY TOT BKJIa], B Be- 
WYHHY TeMIOThI CropaHHA, KOTOPbIM BHOCMTCA C H3BeCTHOH cTelMeHbIO yNops- 
OYCHHOCTH B PaCHOJIORKeHHH MOJICKYJI YrOJIbHOrO BelecTBa, pacipeselinerca 
lexKY JPYruMH ZHepreTHyeCKHMH BKJIalaMH, IPHMHCbIBaeMbIMH OMIpejeJIeHHbIM 
TPYKTYPHbIM 3JIeCMeCHTaM. OTOT HeMOCTATOK, MPHCYLIHH HMeIOUIHMCH TePMOXH- 
[M4eCKHM (OPMYJIaM, HCKJIIOUaA BOSMOKHOCTh OpeeJIeCHHA HeHSBeCTHBIX 9J1e- 
(eHTOB CTPYKTYPbI NO BeIMYHHAM TEIVIOT CrOpaHHA, MO3BOIAeT BCe %*Ke oOMpe- 
e@JIMTb CYMMA4PHbIe BKJabl B BEJIMYHHY TeMJIOTbI CropaHuA, 3aBHCALLMe OT Ha- 
MUHA WH XapakTepa CO¥eTaHHA BCeX 9THX HeH3BeCTHHIX cTpyKTyp. IIpu cpaB- 
iCHHH 2Ke BeULeCTB, MOJYUaIOWLUXCA B pesyJIbTaTe Gouee WH MeHee CXOJHbIX 
(polleccoB (B JaHHOM CJIy4Yae — MpOAYKTOB OTCJIbHbIX CTaHH TepMHYeCKOM 
(eCTpYKIUMH Ta3so0Boro yIJIA), aHaJIH3 STHX BKJaOB MOXKeT JaTb NpeslcTraBseHHne 
) rIyOMHeE TeX CTPYKTYPHHIX IpeBpalleHHH, KOTOPbIM HOsBepriaCh UCccJeye- 
faa cuctema. JIA 3Toro BeCbMa YOOHO HCNONb30BaTb NOJYIMMAPHYeCKYIO 
opmysty Kapatua (°), mpeqioxeHHYy!0 JIA ONpeseseHvA TeMJIOTbI CrOpaHHs Op- 
@HH¥eCKHX BeLILeCTB: 


Q = 26,05M + d\a xxan /Monp, (1) 


me. M=4C + 1H 9O — uncno BaJIeHTHbIX CBA3eH B aTOMaXx yrulepoya, 
OLOpowa H KUCMOpOMa, COCTABJAIONIMX WaHHy!IO MOJeKyy, L@ — pA Nompa- 
OK ,BBOJUMbIX B3aBHCHMOCTH OT CTPYKTY phi CoequHeHUA. Takux NOmpaBoK Kapa 
ipeqiaraer Oomee copoKa. BowbWIMHCTBO M3 HUX MOJIOAKUTCI_HBI, MH TObKO He- 
KOJIbKO — OTPHILaTeJIbHbI, MpwueM BCe OTPHaTeMbHbIe NOMpPaBKM Tak WIM 
Have CBA8AHbI C apOMATHYeCCKMMH KOJIbUaMH. Takum oOpasom, BTOpoe CJla- 
aemoe IpaBoli yacTH paBeHcrTBa (1) mpescraB/IAeT CyMMaPHDIH BK Jal B BeMMINHY 
ellJIOTbI CropaHHa, OOYCOBJIeHHbIM BCeMH CTPpyKTYyPHbIMH OCOOeCHHOCTAMH UC- 
menyemoro coequHeHUA. Ecam sta BeJIMYMHAa OTPHaTebHaA, TO 3TO CBUAETEIb- 
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CTByeT O HaIMYHH NOMaBJAIOUerO YMCA CTPYKTYPHbIX OCOOe€HHOCTeH, CBA AH: 
HbIX C apOMaTH3al\HeH BelecTBa. ; | 

AcHO, 4TO B pAAY TBEPAIX MPOAYKTOB TEPMHYECKON MecTpyKUMM yraA Ma’ 
KCHMaJIbHast 10 aOcCOJOTHOM BeJIMUMHe M OTPHWaTelbHad MO 3HAKY Pa3HOCTE 
ON2KHA COOTBETCTBOBATb CTPYKTy pe rpaura, MOMHOCTbIO COCTOALMIeH U3 KOeL| 
Torga OTHOWeHHe BeJIHYHHbI La, COOTBeTCTBYIOWeH OAHOMY H3 HCCIeLyeMbIx 
MIpOLYKTOB TEPMHYeCKOM AeCTpYKUMM KaMeHHOTO VIIA, K STOMY MaKCHMaJIbHOMY 
3HaueHHIO La, T. e. BbIpaxkKeHHe: 


26,05M — Q, 
*~ 26,05M —Q,,,’ 


rye Q, H Qrp — COOTBETCTBeEHHO TeMJIOTbI CrOpaHuA WaHHOrO MposyKTa uU rpa 
(puta, MOXKHO IIPHHATb B Ka¥eCTBe MEPbI CXOMCTBa CTPpOeHHA TpadutTa u uccwe: 
myemoro mpoyykta. B JadbHeiWem 9Ta BeJIMUMHa Ha3bIBaeTCA CTPYKTYPHbIM 
MOKasaTesieM. | 


OKCHeEPHMeHTaJIbHO MOJIYYeHHbIE HM PaCCUHMTaHHble XapaKTePHCTHKH (TeN| 
JIOTbI CrOpaHHA HM BeJIMYHHbI, BXOJAuLMe B yYpaBHeHvHe Kapaa) Mbl OTHOCHJIE 
K BeJIMUHHaM «PpaMM-aTOMOB IO rpaduTy», MO KOTOPbIMH MOpa3syMeBaloTCs: 
CYMMbI [paMM-aTOMOB BCeX BXOJALLHX 
WaHHOe COeHHEHHe JJIEMCHTOB, U3 KO 
TOPbIX BHTOre TepMHYeCKOH JecTpyK 
UHH OOpasyerTca OHH PpaMM-aTOM rpa 
(pura. UncienHo 9Ta BelMuMHa (paBHas 
KOJMUECTBY TpaMMOB laHHOro coesH 
MCHHA, H38 KOTOpOrO B TIpollecce TepMH 

s ° yeCKOH JecTpykuuu oOpa3syerca 12,01 
es aes eS adpuTa) ompeyemserca Ha OCHOBaHH! 
Temnepamypa obpabom*ku Pp P 
J\aHHbIX OO H3Me€HEHHH BeCa yroJbHOr 
Puc. |. BenuunHbl crpykKTypHbIX moKa3a- E i . j 
Teseli qa O6pa3uoB, momyuenHplx upu pa3- BEeUleCTBa IIPH TEPMHYeCKOMW ecTpyKuUy 


JIMUHBIX TeMMepaTypax OOpaborkH. IlyHKTup- 0 (bopmyue: 
Had KpHBaxd COeqMHAeT 3HAYeHHA, MOyueH- 


Hble JIA BUTpeHa HM TBEPIbIX MpOAYKTOB ero roa a 
TePMHUeCKOH MecTpyKUMU, CMOWHAaA — co- ae , Pp...” 
OTBETCTBYIOINME 3HATCHHA JIA yrua mie 


re Px, Ppp — cogepxanue (B BECOBbIX MpomenTax) JaHHoro oOpa3ila H KOHeY) 
HOrO NpoxyKta (rpatura) M0 OTHOIIeHHIO K HCXOZHOMY BellecTBy (ra30BOM} 
yrvli0 WIM ero BUTpeHy). CocraB «rpaMM-aTOMa m0 rpadbuty» onpesesseres 
Ha OCHOBaHHH JaHHbIX 9JIEMCHTaPHOTO aHaJIH3a MO COOTHOIIEHHIO 


Ux, 


OEE AK)? 


re * — 4HCJIO TpaMM-aTOMOB JlaHHOrO avieMeHTa, 21 — BesMunHa «rpaMM-aTo- 
Ma 110 rpauTy» JaHHoro Mpoxykta TepMayeckoli JecrpyKUHU KaMeHHOrO yr sin 

— ATOMHBIH BeC JaHHOrO SJIeMeHTa, X; — MpOWeHTHOe COsepxKaHNe aHHOr 
3JIeMeHTa B Toploueli Macce ucceqyemoro o6pas3ila. 

Ha puc. | npexctapjenbi BeJIMUMHbI CTpyKTYPHOrO MoKagaTema JA Bce 
MCCJI€NOBAaHHBIX MPONYKTOB TepMHYeCKOH JeCTpyKUMM KaMeHHOrO Yr B 3a 
BUCHMOCTH OT TeMMepaTyPbI, MPH KOTOPOH OHH ObINH NOyyeHbI. OOpamtaer He 
ceOa BHHMaHHe TOT (bakT, UTO BeMMUNHA CTPYKTYPHOTO NOKasaTelA Wa O6pa3s 
HOB, MOIYYeHHBIX pH TemMepatype 540°, mpuOnmxKaeTca K BenMUHHeE eTpyK+ 
TYPHOPO WoKasatedAa Avia rpadura. Wupnna Makcumyma 3axBaTbiBaer HeOOubs 
ly!0 OOacTh TemMepatyp O6pa6oTKu KameHHOrO yrs. Bpicora makcumyMé 
SaBMCHT, i0-BHLHMOMY, OT CopTa KameHHOro yrasa. Ha pue. | NpUBOLATCA LaH- 
HDIC, OTHOCHUMMeCA K BUTpeHy TasoBoro yruid (MYHKTHpHad KpMBas) HK pao4 
BOMY Ta3s0Bomy yruio (cnvlolHaa KpuBaa). CpapHeuue sT0ro rpadbuka c pent? 
PeHorpaduyeckumu Japubimu B. V. Kacarouxuna (*) qaer OcHoBaHHe no.taratD, 
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TO MpeliaraeMbld CTPyKTYPHbIH MOKasaTeIb aHaJIOrMueH MOKa3aTesIO Mex- 
2eTOUHOH ynopaoveHHocTH *, 

Kak BuqHO u3 rpaduKa (puc. |), us3MeHeHue BeIHYHHHI CrPpyKTYPHOrO MoKa- 
3aTeJIA B 3aBHCHMOCTH OT TemMepaTypb! OOpaOoTKH OOpa3ila pesKO JleIMTCA Ha 
ieTbipe OOwacTH. 

1, O6sactb or 25 no 435° (coorBercrByer o6acTH 25—300° B aKcnepumeHTax 
acaTouKHHa). BemwunHa Cy pacrer BecbMa HeSHayHTebHO — or 0,25 yo 0,3. 
(Ipu TOM BbIJeIAeTCA MHOFO Ta30B, He ABJIAIOULHXCA, B OCHOBHOM, MpoyyKta- 
MM pa3JIO%KeHHA. OTO OKKJIOAMPOBaHHble Fasbl, Wapbl BOAbI H HaHOoee serKo- 
meTyune BeulecTBa. Pocr cerok (mo JaHHbim Kacaroukuua) orcyrersyer. 

IIpu Takom HarpeBaHHH, OnaroyapsxA yBeM4eHMIO SHEPrHH MOWIeKYJI, Mponc- 
KONUT HeOOpaTuMoe paspylleHHe TOH MAaKPOCTPYKTYPbI VIIa, KOTOPOH OH O6s- 
aH CBOeMy IIponcxoxyeHn1o. Kpome yfaleHua JlerkosleTyunX BeLeCTB Mpo- 
CXOJMT, MO-BHMMOMY, OTU[eMIeHHe OT KPYMHbIX MAaKPOMOJeKYJI JlerKOule- 
TYUHX COEIMHEHHH, KOTOPbIe IPH JaHHOW TemMepaType NepexogsarT B rasoobpas- 
HYt0 (basy. OTH MpoOlecchl YBEAMUMBAaIOT OMHOPOMHOCTh (MO pasMepam) OCTaBLUIHXCA 
MOJI€KYJI H IIPHBOAAT K HEKOTOPOMY pocTy yNOpsAOUeHHOCTH. 

2. OOmacTb or 435 yo 540° (coorsercrByer o6actH Kacatoukuua oT 300 
mo 400°). Benuunua C, pacrer oven Onicrpo — or 0,3 yo 0,6—0,8. Ilo cpas- 
HEHHIO C MOCJIEXYIOUIHM, Pra3s0BbleseHue HesHauHTesbHOoe. (Or 500 no 540° 06- 
pasel Tepser 3,5% cBoero Beca, a or 540 go 580°9,5%.) 3SHauuTenbHbIli, HOHE 
MAKCHMAJIbHbIM pOCT CeTOK. 

| Queprua MOseKYJI BO3PacTaeT HaCTOMbKO, 4TO OOJIbUIMHCTBO H3 HUX Tlepe- 
XOAMT B *AKUAKYIO Pasy, HavOoee KPYMHble Pa3suaraiorcA Cc OOpasoBaHuHem, 
B OCHOBHOM, 2KHKMX TpoOyKToB. B sto OOacTH JOBOJIbHO HHTCHCHBHDBIX IIpo- 
meccoB JecCTpyKUMM BeCbMa BepoxATHO OOpasoBaHHe CoeqMHeHH C HecrapeH- 
HbIMH 3JICEKTPOHaMH HM COeHHeEHHM C OCTaOJIEHHOH CBA3bIO, Pa3PbIBaIOWHXCA 
B KOHe€4UHOM CueTe C OOpas0BaHHem CBOOOJHBIX paluKaJIOB MakpoMOJIeKya. Takue 
COCHHEHHA, HECKOJIbKO 3aTPYJHAA POCT CeTOK, JOJIXKHbI CMOCOOCTBOBAaTb UX 
YNOPAMOUeHHIO, MOCKOJIbKY HaJIMuHe HeCMaPpeHHbIX 3JIEKTPOHOB HW CBA3AHHbIX 
C HHMH MarHUTHBIX Noel YyCuIHBaeT B3aMMHY1IO OPHeHTallMio MOJeKyJl. SIcHo, 
TO X%KH]KOTeKyyee COCTOAHHe, B KOTOPOM HaXOMHTCA CHCTeMa MPH aHHbix 
YCJIOBHAX, ONarOmpHATCTByeT MpOTeKaHHiO ITHX TpOLeccos. 

3. O6nacTb or 500 0 700° (o6mactb or 400 no 700° no Kacarouxuny). Pes- 
kOe YMeHbIleHHe BeIHYHHbI Cx oT 0,6—0,8 no 0,42. Ha6smiofaerca 3HauuTeub- 
Hoe ra3s0BbljemeHHe. Pocr ceroK CTaHOBUTCA B KOHIe OOaCTH MaKCHMAaJIbHDbIM. 

QHepreruyecKoe COCTOAHHE CHCTEMbI TaKOBO, UTO B ras0BylO da3sy Mepexo- 
IAT, B OCHOBHOM, BCe COC HHeHHA, He MOryllWe MPHHATb 9HeEprerMyecku HaH- 
Ooulee BbIFOFHOe KOMbuaTOe cTpoeHHe. C yaseHuemM TaKHX COeCHHeHHH ycTpa- 
HAIOTCA IpeMATCTBHA JIA pocTa CeTOK, a B3aHMHOe HaCbilleHHe B Mpollecce 
pocta CeToK HW YxO B ra30BylO da3y HavOoulee JerkKHX pauKasIOB NPHBOLUT 
K HCUeC3HOBeCHHIO OpHeHTMPyrouIMx Noel. Kpome Toro, 3HaYHTebHOe Ta3o- 
BbijeleHHe (busHyeCKH Hapylaer yxKe CyUleCTBYIOWNLyIO OpHeHTalluio. Bce ato 
IIpHBOUT K MpOrpeccHBHO TBepeIOMIHM, HO elle Pa3spbIXJICHHbIM CTPYKTYPaM 
C MOHM2KCHHOH YyMOpANOUeHHOCTbW. 

4, O6nactb or 700° no rpacbutru3auun. IlocrenexHoe yBeHyeHHe BeJIMUHHbI 
C,. ot 0,42 no 1,00. Ocma6neHue u 3aTemM NOTH NOMHOe MpekpallleHue Ta30- 
BbileeHun. Poct ceroK mpekpalijaerca. YBeMYeHHe NOABHXKHOCTH CTPYKTYDp- 
HbIX 9JICEMCHTOB C MOBbIIIeHHeM TeMMepaTypbI OvlaronpuATCTByeT B3aHMHOK 
CAMOOPHEHTALHH OTAeMbHbIX (pparMeHTOB KpHCTasMueCKO pellerku. Ynops- 
moueHHe BOSpactaeT. Tako mpolecc mpoOfouxKaeTca BIVIOTh JO o6pa30BaHHA 
KPHCTaIOB rpacura. 

Takum 06pa30M, Ha OCHOBaHHM H3MepeHH TemOT CropaHHA Yr WM TBep- 
AbIX MPOLyKTOB erO TEPMHYECKOH ecTpyKWHH HaMU NOKa3saHO, YTO B Mpolecce 


* Ha ocHOBaHHM peHTreHorpaduyecKux JaHHbIx KacaTouKHH MpHXOAUT K BbIBOJY, YTO MpH 
repMuyecKoll OOpaOorke yraa OOpasyioTcA M pacryT MocKMe TeKCarOHaJbuble CeTKH aTOMOB 
rHepoya, MOLOOHbIe 6asHcCHOMy MOHOCOW B KpucTamie rpacura. 
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TEPMHMYECKON ecrpyKUMH YruiA HaOsIOLaeTCH BbICOKaH YNOPAOUeHHOCTb cTpyK: 
TYpbl B OOacTH 540°. 

Her COMHeHHA, UTO H3MeHEHMA, NPOHCXOAAMMe B ITOH o6sacTH Temnepartyf 
(540°) c yrouIbHbIM BeleCTBOM, B 3HAUMTebHOM Mepe ONpeseAIOT CTPYKTYPY 
(a 3HauHT, H TeXHOJOrHueCKHe CBOMCTBa) BbICOKOTeMMepaTyPHOFO KOKCa. 


XapbKOBCKHH MOJIMTeEXHHYCCKHM HHCTHTYT Toerynuso 
um. B. VM. Jlenuna 10 V 1957 


UMTHPOBAHHAA JIMNTEPATYPA 


1J.Shuyer, D. W. van Krevelen, Fuel, 33, Ne 3, 348 (1954). 2M. S. Khal 
rash, Heats ot Combustion ot Organic Compounds, Washington, 1929. *%B. A. Bono 
HH, TepMoqMHamMueckoe H3yueHMe BUTPeHa ras0Boro Yr H TBEpPLbIX NPOLYKTOB ero TepMH} 
yeckoH yectpyKkuHH, Jiucceprauna, XapbKon, 1956. *B. UW. Kacatrouxkxuuy, Mss. Any 
CCCP, OTH, Ne 10, 1401 (1953). 
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Toxuagn Akagemun nayx CCCP 
1958. Tom 120, Ne 3 


XHMHYECKAA TEXHOJIOFH 


| JI. A. WBAPLLMAH, A. HW. OCHITIOB, B. ®. CYPOB, 
M. JI. CASOHOB, C. A. TEJIECOB uv A. M. O®EHTEHJIEH 


 O PABHOBECHH PACTIIPEAEJIEHHS CEPbl ME)KJY METAJIJIOM 
WM WiJIAKOM B MAPTEHOBCKHX MEYAX 


(IT pedcmaeaexo axademuxom IT. B. Kypdrmoeoim 9 I 1958) 


IIpu anvamHse mpolecca ecyiby pallu CTaJIM B MapTeHOBCKOH MeuH B Mep- 
syIO OUePeb HeEOOXOHMO BbIACHeHHE 3aBHCHMOCTH paBHOBecHOoro Koa3dPpu- 
[HeHTa PacnpeeIeHHA Cepbl OT COCTaBa LJlaka WH TeMNepaTy Pb. 

SHaHHe TaKOH 3aBHCHMOCTH MO3BOAeT OICHHTb MpeeJIbHYIO MAHMMAJIbHYIO: 
3EJIHUHHY KOHILCHTPallHH Cepbl B MeTaJJI€, KOTOPad MOXKeT ObITb JOCTHTHYTa pH 
iaHOolee OJlarONPHATHbIX KHHETHYCCKHX YCJIOBHAX HM MPH JaHHOM CocTaBella- 
ca. OueBHHO, pasiMuve MexkAY cbakTHYeCKH HaOmI02aeMbIM H PaBHOBeCHbIM 
<OSPDHUHEHTAMH PaciipesesieHHA Cepbl OOYCJIOBJIEHO HEOCTAaTOUHOK CKOPOCTbIO: 
Ipollecca Macconepelauu B CHCTemMe MeTaJlI — Wak. 

C TrepMoquHamMuuecKOH TOUKH 3peHHA, pellla‘oulumM (bakTOpoM Mmpowecca je- 
‘JIbypauluu ABJIAeTCA OCHOBHOCTb lvwaka. OfHako JO HacTosero BpemMeHHu 
ITCYTCTBYeT KPHTeEPHH, KOTOPbIH B OOMIeEM Bue XapaKTePH30BaJI Obl TO CBOH- 
‘TBO C KOJIHY€CTBEHHOH CTOPOHbI. B yacTHOM CuIy¥ae WIA Mpouecca Jecyabpy- 
ya Ppaxnt u Unnman (') mpeqvioxusH B KayecTBe MepbI OCHOBHOCTH BeJIMUHHY 
\, MpeWCTaBJIAOMLy!O COOOH pa3HOCTb Me*KY YHCaMH MOJI€H OCHOBHBIX HU KH- 
JIbIX OKHCIOB B 100 r wuiaka. Pe3yabTaTbl HCCIeqOBaHHA YTHX AaBTOPOB M0- 
(a3aJIM, UTO B YCJOBHAX JlaOOpaTOPHbIX OMBbITOB, KOra3aBeOMO JOcTHraeTcA 
OCTOAHHE PaBHOBeCHA, CYIECTBYeT 3AKOHOMEPHat CBA3b M@2KLY BeJIMUHHaMH 
costppHUWeHTOB pacipefeteHua cepbi Ls n A, koTOpac BbIpaxkaeTcA Tak Ha- 
bIBAeMOH CTaHapTHOH JIMHHeH, NpelcTaBsJIeHHOH Ha puc. 1. BecbMa Ba2KHO NOJ- 
[ePKHYTb, YTO TIpH BLIUMCIeHHH A 3aKHCb *Kele3a B pacueT He MPHHuMaerTcA, 
. e. aToT oKHCem I pant uv Unnman cCunTaloT HeHTpaJIbHbIM HU, KaK NOKa3bIBaloT 
IbITbI, HE BJIMAIOULMM Ha PaBHOBecHe pacupeseteHuHA cepbl. Pasymeercsa, TOT 
SbIBOJ, OTHOCHTCA JIMIMb K IWJlakaM MaPTeHOBCKOPO THMa C OTHOCHTEJIbHO BbICO- 
‘HM COJepxaHHem FeO. CojepxkaHue 3akKHCH *Kesle3a B IlWwlake CTaHOBHTCA 
IMMUTHPY!OWUM CSbakKTOPOM JIHIWb MPH HH3KHX KOHICHTPalHAX, HMeIOLLHX 
feCTO IPH BbIllaBke CTaJIH B Q/ICKTPONeyaX B BOCCTAHOBHTeCJIbHbIA MepHod. 
<aueCTBeHHO TaKOl Ke BbIBOL CulelyeT H H3 HOHHOH TeOpHH WaKoB. JleicrTBu- 
‘CJIbHO, AKTHBHOCTH CysIbu a *Kele3a B Wake OMpedesAeTCA COOTHOLeHHeM 


= NEeO 
a NEO = "cao mi "MgO Sn MnO 


a : ar ren @ 


Nee 


* 


’ 


Neeo + cao + ™Mgo + ™Mno — "“sI0, 


We  — uuCwia Mosel KOMMOHeHTOB B 100 r uiaka (°). 

OuesuHO, uTO yBemMueHHe CosepxaHua FeO B Uliake YBeIHYMBaeT Mep- 
bil COMHOXKHTCIb H OJHOBPeMeHHO YMeHbillaer BTOpOlM, OCOOeHHO B Cylyyae 
cau pocr FeO npoucxogutT 3a cuet SiO,. [lostromy pH BbICOKUX KOHIeHTpa- 
(vax FeO u3MeHeHHA B €€ KOJHYECTBE B UWIaKe OTHOCHTEJIbHO MaJIO BJIMAIOT Ha 
eIHUHHY Apes HM, CleMOBaTebHO, Ls. Takum 00pa30M, B MPOTHBOMOJIOXKHOCT 
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paclIpocrpaHeHHOMY MH€HHIO, B ilvlakaX MaPTeCHOBCKOFO THIla YBeHYCHHe KO 
WeHTpalluu 3aKHCH *XKele3a He YXYlaeT CyULeCTBCHHbIM o6pa30M TepMOJHH 
MMueCKHX YCJIOBHH JecymbPpypaluu cTaiu. Bmecte c TeM yBeJIMYeHHe KOHILe 
TpallHH 3aKHCH *XeNe3a MPHBOAMT K YMeCHbIWeHHIO BASKOCTH IWlaKka HM K YCK 
PeHHIO MpoleccoB MaccomepesayH B HEM. OTH CooOpaxkeHus Cyleyyer VUHTHIBATI 
pH paspaOorke TexHOJOrHH fecyJbpypaluH B MaPTeHOBCKHX llevax. Ou1 
NOATBePKLalorcaA Pe3yJibTaTaMH OMbITHHIX MaBOK, MPOBeECHHbIX B 140-TOHHBI 
meyax CrasIMHCKOrO MeTaJlJyprMyeckoro 3aBoja. 
Ha puc. | HaHeceHbI BeMYHHbI KOSPPHIMeHTOB PaclipeweseHuA Cephl, Ha: 
6mlOLaBlllMeca B ONHOM H3 ONbITHEIX M1aBOK, B 3aBucuMocTH OT A. OKcrepuMmeH: 
TaJibHble TOUKH Ha PHCYHKe COCMHEHbI JIMHHAMUM, MOKAaSbIBAaIOWLHMH MOocJe 
JOBAaTeIbHOCTh HX Pacrosl0xKeHHA BO BpemMeHH. Kpome Toro, OKOJIO TOYeK po 
CTaBJIeHbI Wudppbl, OOosHayalollHe KOHMWeHTpalHio Cepbl B MeTaIIJe, 
Paccmorpenue puc. | no3sBoser CilelaTb PA, CYWCCTBeCHHbIX BbIBOAOB 
IIpexye Bcero oOpamaer Ha ce6A BHHMaHHe TO OOCTOATEIbCTBO, UTO TOUKH) 
OTHOCALIMeCA K MepHOLy M1aBeHusA | 
jlexKaT HeCKOJIbKO BbIlle CTaHapT 
HOW JIMHHH, a TOUKH, OTHOCALHeCc 
K KOHIY MlaBKu, pacmouararorcs 
HHkKe sToH aHHHH. M3 9sToro ce 
yet, 4TO B NepHOd MiaBJIeHHA, Mp! 
TIpHHATOH Ha 3aBOfe TeXHOJIOPHK. 
cojlep2kaHue Cepbl B lake 6oub ue} 
yeM 9TO OTBeYaeT PaBHOBeCHIO 
MeTaJWJIOM. Taka «CBepxpaBHOBec- 
Had» KOHIGHTpallua MMeeT MeCT 
BCeCTBHe Mepexola Cepbl H3 aTMO4 
sii cibepbl Neu B Ulak, KaK 9TO Obwe 

YCTaHOBJeHO ClelWa/IbHbIMM ONbITA 

MH C HCHOb30BaHHeM PakMoaKTHBHOH cepbl. JlabHeHIWMH Mepexof Cepbl HK: 
llaka B MeTaJJI, T. €. Mpolecc, MPHBOAAULMH B WaHHbIX YCJIOBHAX CHCTeMy 
COCTOAHHIO PaBHOBeCHA, COBePpllaeTCA OTHOCHTeEJIbHO MeJVICHHO, H TMO3ITOM) 
KOHIeHTpalluA Cepbl B Illake He ycleBaer JOCTaTOUHO CHH3HTbCA, TEM Oovee, 
4UTO,OJHOBPeMCHHO TpokomKaercA ee mocrynseHHe u3 rasa. TO, 4TO B 3TO% 
MNepHOL WaBKH MpOuUCXOAUT Mepexojl Cepbl 43 Waka B MeTaJIJI, OTUETIHBO TIC+ 
Ka3bIBaeT BO3PaCTaHHe KOHI[eCHTPallHu Cepbi B CTasIH, KaK 9TO BUAHO H3 pue. |. 
OueBuyHO, YTO Npollece MepeHoca Cepbl H3 WWlaKa B MeTaJJI OOYCIOBJIeH H 
TOJIbBKO €€ HepexOJOM H3 Tra30BOH tbasbl, HO H XHMMYeCKUM COCTaBOM OOpasyi0 
mjerocad B epHoy NiaBleHua Waka. V3 puc. | cneqyer, uTO B STOT NepHO, Be~ 
JmuuHbI A OTPHUaTebHbI, T. €. WWlaK ABJIACTCA KUCJIBIM, H 3HAYeCHHA PaBHO> 
BeCHbIX KOSPPHUMEHTOB pacupeseseHHA BeCbMa HU3KH. [losTomy are ecJIM Obi) 
ra30Bad (asa BOBCe He COepKaa Cepbl B ITOT NepHOA, MPH Wake TaKOTO CO 
cTaBa HUKaKOH JlecyJIbpypaluu merasa He Moro Obl MpoHcxoyuTb. Hao6do-| 
POT, eCJIM WlakooOpa3yroulue MaTepHaJIbI COMep KaT 3aMeTHble KOJIMUeCTBAa Cephl, 
NOWUKeH HATH ee Nepexo 3 Waka B MeTaJi. OueBHHO Tak2Ke, 4TO eCJTH OBI! 
oOOpa3yloulNlica Wilak XapakTepu3oBaca SoubWOH BemuuuHOH A, TO Jake mpui 
HaJIMUMM Cepbl B ase B NepHOk MWiaBJIeHHA MOIIa Obl MPOMCXOLUTb Tecybdy-: 
pauna. M3 puc. | rake BUAHO, 4TO B NepHO MilaBseHHA peakIMA Jecysbdy-: 
pallu NpHvOuIM2KaercA K COCTOAHHIO PaBHOBeCHA ABYMA MYTAMH: BO-BIIEPBbIX,| 
BCeNCTBHE Nepexofa Cepbl H3 Waka B MeTaJIJI HU, BO-BTOPbIX, OarogapA He-) 
NPe€PbIBHOMY H3MeHeCHHIO KOJIMYeCTBa HM COCTaBa llwaka. YBemMUeHHe eFO KOH-| 
YeCTBa YMeHbIlaeT KOHWEHTPallHio Cepbl, a BOSPaCTaHHe OCHOBHOCTH MpHBOLHT) 
K YBeMyeHHIO PaBHOBecHOrO Kos puuNeHTa pacnpeyetenua. Takum o6pa3om, | 
NOCJIe€ CKayHBaHHA KMCIOrO MepBuunoroO Waka BemHunNHa A HacTOuJIbKO Bospa-| 
CTaeT, UTO NOABJACTCA TeEPMOAHHAMHYeCKaA BO3MOXKHOCTb PasBUTHA nmpowecca 
Aecy Jbiby pallun, 
OXKHO CUMTATb, UTO OTMCYCHHbIe 3AKOHOMEPHOCTH XapaKTePHb! JIA TeXHO-| 
JIOTHU MapTeHOBCKOrO Mepeseia Ha CraJIMHCKOM MeTaJlJly pruuecKOM 3aBole, 
600 FEE , 


a 3TO BUJHO M3 puc. 2, Ha KOTOpOM HaHecenbl BemMunHbI Ls un A Aa wecrn 
aBok. 113 paccmorpenua puc. 2 Takxe ceqyer, YO TepMo_MHamMuecKan 
303MO2KHOCTb HecyJIbypaluu B TeyeHHe JOBOIbHO JWIMTebHOTO BpeMeHH He 
deausyetcH. U3menenue ycuoBuii paBHOBeCHsA MpOABMAETCA JHLb B mpeKpa- 
eH HH YBeJIMYeHHA 
eae Cepbl B /0 
MeTaule, a 3aTem — 
3 MeJVICHHOM ee Majle- 8 
uu. 3 sroro dbakta 

MOXKHO C]leaTb 3aKJII0- i 
HeHHe, YTO B yKa3aH- 
Gbid. NMepHOk WiaBKH @ 
JA yCnelwHOH jecyJib- Me 
by patiun HegxoctraTouHO 
HaIWUHA OMHOFO Tep- 
MOJHHAMHYECKOLO CTH- 
Myla — HeoOxosuMbt ~04 -92 0 g2 04 mon/iDe 
rakxKe HU COOTBeTCTBY- 4 ——> 

oulve KHHeTHYUeCKHE Puc. 2 

ycloBun. Kak TOJIbKO A 

rake YCJIOBMA CO3JaioTCA, HaYMHaeT B MOJIHOH Mepe NPOABMATHCA TepMOjMHA- 


NN naabok: 
i a | 
© FGI @ 3273 
° 350 © 3149 | 
@ 32/1 a 9272 


mMueckHlt (baKkTop, u cucTeMa ObICTpO MocTHraeT COCTOAHHA, O7H3KOrO K paB- 
{OBeCHIO (TOUKH HO KpyTOH KPUBOM MOAXOAAT K CTaHJapTHOH auuun). JLecyab- 
pypallua mpoucxo_uT B TeYeHHe KOPOTKOTO BpeMeHH B KOHIe MaBKu OObIdHO 
Tocle aun pasxKUKaloulux 1OOaBoK (pyga, Soxcut). M3 sroro cmenyer, TO 
JObllad uaCTb MepHoa AOBOAKH HM BeCb NepHOX MlaBleHuA MIA jecy by - 
pallun MpoxoxAT GecnomesHo. 

— Takum o6pa3om, Aa ycrellHor jecylbypaluu craiu HeoOxogumo cobst0- 
meHue TakOrO WWIakoBoro pexKuMa, pH KOTOpoM OGecHeyMBaeTCA CoueTaHne 
SJIAPOMPHATHbIX TepMOJHHaMHYeCKHX HW KMHeTHYCCKUX yenosul. J]a jocrn- 
KEHUA STOO, BO-IePBbIX, CeLYeT MO BOSMOXKHOCTH CHUKATh COMePpARaHHe KPeM- 
He3eMa B Ullake Ha NpOTA2KeHHH BCeH MaBKH H, BO-BTOPbIX, NOMMepxAHBaTb 
Wak B JOCTATOUHO *KUIKOMOABHAKHOM COCTOAHHH MYTEM BBeWeHHA B HErO pas- 
KUKAIOULHX JOOaBOK, B TOM ¥HCIe COMep2KalIMX 3aKUCb 2wee3a. 


[lentpaapupiit HayyHo-uccaezoBaTevIbCKuit Ilocrynusto 
HHCTHTYT YepHOH MeTaJypruu 9 I 1958 
CramHMHcKHi MeTaJMypruueckHit 3aB0/, 
IIMTHPOBAHHASA JIATEPATYPA 
IN. Goant, JI.Chipman, Met. Technol., N 3 (1946). 2A, M. CamMapuuH, 
N.A.Ulsapuman,M.W.TemxkuH, KX, 20, B. 1 (1946). 
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Aoxnaygs Akayqemun nayx CCCP 
1958. Tom 120, Ns 3 


| rEOrPA®H A 


B. JI. JMUKOB un H. H. WASPAHOBCKHH 


COBNAMEHNE YPJIOBbIX BEJIAYHH B TEOJIOrHH, 
KPHCTAJIJIOPPA®UN WH THAPOXMHAMHKE 


Tpedcmaéaeno axademuxom J]. B. Haausxuxelm u axademuxom H.B. Beaceotm 18 I 1958) 


Ileb HacToslell 3aMeTKH — yKa3aTb Ha 3aMeuaTebHOe COBMayeHHe yruia 
(35° (rouHee, 35°15’52”) uu onouHUTeMbHOrO K Hemy 55° (rouHee, 54°44’08”) 
‘TeouiorHH, KpHCTadorpapun uv ruwpoywuvnamuke. 

Pax aBTOpoB, ClepBa CTaTHCTHUeCKH, a 3aTeM CTPOro MaTeMaTHUeCKH, JO- 
a3aJIM HCKJIOUHTEJIbHY!O POJIb NapadeH C WupoTok 35° Ha MOBepXHOCTH 3eM- 
oro wapa. Yxe A. A. Tuo ormerua, ¥TO WIMpOTHble TopHbie Lemu pacnowa- 
AIOTCA TaBHbIM OOpa30mM NO Napaduiemu 35 —40°BceBepHom nosymapunu (1%). 
. UM. Boelikos noBTopui STOT BLIBOL WIA TBEPAOl 3EMHOM KOPbI H BMeCTe C TEM 
CTaHOBMJI [Be MapaswienH, uMeroulMe OcoO0e 3HayeHHe AIA aTMocdepbl: 35 — 
0° u 60 —70°. ua 30—35-x napasmneneli OH Ke OTMeTHI MpHypoueHHOCTb 
OKeaHax Mooc HaHOoulee comeHOH Bomb! (*, °). II. MW. BpoyHos yKa3aa Ha cy- 
[eCTBOBaHHe MO, 30-MH MapaJWJIeIAMU 3aTpOMMyeCKHX OapoMeTpHYeCKHX MaK- 
uMyMoB (°). MHbIM, yxKe UHCTO MaTeMaTH¥UeCKHM IyTeM, MIPHMeHAeMbIM K 
pamjeHuio Semau, A. Bepouue, w3yuaad BpalleHwe reTeporeHHoro 9JIVJIMN- 
ola, IpHlle K BBIBOLY, YTOTOPbI OJOKHbI CO3aBaTbCA Ha MapaseAx 
5° (3°, 31). Te xe pacuerb! ObIIM NOBTOPeHbI BO BTOPOM H3aHHH «PalHoHaib- 
of mexaHukn» IT. Annena (”"). B pycckom mepesoge aToH KHuru H. HW. Uaenp- 
OH NIPHHA Wa 35- Mapamienu Ha3BaHHe «KPHTMYeCKOH» ('). 

B. JI. JImuxos, ocBemlaad 3aKOHOMepHOCTH BeKOBbIX NOJHATHU WM ONyCcKaHHi 
eMHOH KOPbI, Jal pasqeseHve palOHOB BeKOBbIX MOJHATHH M BBIJeM Ha OC- 
OBe 2MUMPHYeCKHX JaHHbIX YeTbIpe 30HbI ME2KAY MOJIOCOM M 2KBATOPOM, KJla- 
4 B OCHOBY BpalleHue Hallett muiaHerbl (’). Ppanuipl JByX BbIJeIeHHHbIX HM 
OH-palioHoB coBmasM c 35-mu u 61-mu UapaseuaAMM, Kak 9TO M1032Ke NOKa- 
an M. B. Cropac. Teonesuct B. A. Maruuitkuit MaTemMaTHuecKH BbIUHCJIN, 
TO ropbl OOpasyorea Ha 35-x Mapansensax (°*). 

Jina Comuua M. C. OfrexcoH yKa3a Ha CYUIeECTBOBaHHe IWIMpOTHbIX 30H 
WIHEUHBIX MATCH 0 Mapassenim -+- 35. Tlomumo 9roro, cyulecTByIOT H BBbICO- 
OWMPOTHbIe 3OHbI Aa dakenos (7°). 

Haxoneu, M. B. Cropac o6cTOATeIbHO PasBHJI MbICJIb O 3HAYCHHH ABYX KPH- 
HUCCKHX MapaseleH MOBepXHOCTH JMTOCiepbl, K KOTOPbIM MpHypoOuveHbl JIK- 
WH WHPOTHBIX WucoKauHi. TnapHad u3 Hux C OOpas0BaHHeM op oOTBeuaeT 
apausienu + 35°15’52” (*). Cropac Jal Takxe MeseHHe MOBeEpXHOCTH MaTe- 
MKOB Ha 30HAJIbHbIe MOOCbI — paliOHbl. BpipeeHble HM Mp 9TOM UeTHIPe 3OHbI 
OBeEPXHOCTH SeMJIM COBMaflaloT C TeEMH YeTbIPbMA 30HAMH, KOTOPbIe IMIMMPH- 
eCKH ObIIH OOocHOBaHbI B.JI. JImuKospim. Ilo32%xe M.B. Crosac u M.C, Surexcou 
punoxkusmu Teopuio M. B. Cropaca k Comnuy (7°, +, *). 

Tlpeycrapienue 0 KPpHTHYeCKHX MapasenAX B ObITHH MJlaHeTbl BOSHHKJIO 
a OCHOBe CHCTeMbI BO33peHUli, YUHTbIBalolleli BsaNMoselicTBue OOOONeK HM 
pexkyle BCero BOSTeHCTBHe MOABMXKHBIX OOoO4eK (ruapoccepb! H aTMocdepbl) 
4 HENOMBUXKHYIO JMTOCepy B YCJIOBHAX BpalleHHA Gem. O6 STOM TOBOpUT 
HOXKeCTBO OTHOCAMLUXCA Cloa PaKTOB, HaYHHAaA C MPHJIMBOB HM KOHYAas COBMa- 
eHHUAMH M@%Ky COOOM 30H aKTHBHOCTH Pa3HbIx o6ooueK. 
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Tlepexoga kK 3Hauennto yruia B 54°44’ B Kpucrasorpaduy, NowuepKHeM el 
HCKJIOUTEbHY10 POIb B STON HayKe. TlomApHoe paccTosAHHe AA Tpanev OKTAad, 
pa H WpaBMJIbHOrO Terpaaspa paBHo 54°44’08”. (Oro yrom Mexky BaxkHeH WWM 
B CTPYKTYPHOM OTHOIJeHHM HallpaBeHHamu KyOuyeckoro Kpucratia [00}} 
u [111].)MonsapHoe paccrosHue oKTa2pa U TeTpad [pa BbLIGHCACTCA CJeLY 1OWLMY 
o6pa3om: tgp, =) 2, orkyna p, = 54°44'08”. | 

Oxtasfp u TeTpadi{p ABJAIOTCA BaxkHeHIWMMM CPOPMaMH Ha KPHCTadax K 
Ovyeckolt cuHronaH. OrpomMHy!0 pOJlb wrpalor OKTa2zApuyeckHe UM TeTpadsh 
puyeckue KOHburypal\uy HB KpHCTa/JIMYeCKUX CTPyKTypax, a TeM CaMbIM H 
KPUCTaJJIOXHMHH UB Crepeoxumun (7). TlouspHoe paccrosHne kya Mp Bef 
THKaJbuol L3; Takxe paBHo 54°44’08’". CxoyHble yrIOBble BeJIMYHHbI MMe at 
ypesBbluaiHO GouIblloe pacnpocTpaHenue WH Ha KPHCTadax Apyrux CHHTOHUH| 
VU. Tlonnsit u A. Menon noka3aiu, YTO HaHOOJbUee YHCIO MOAPHbIX pad 
CTOAHHH ONnpeqemAIOULNX panel Aid 493 TerparOHaJIbHbIX BelllecTB MpHxXOAAUTCH 
Haws euvoo (C). | 

VU. VW. Wadpanopckui Jam nogcuer Bcex (opm C KOCbIMH rpaHsAMH, TpHXC 
JIAULMMUCA Ha TO WIM WHOe MOJAPHOe pacCTOAHHe B TPHTOHAJIbHbIX, TeTpara 
HaJIbHbIX H TeKCaPOHaJIbHbIX KPHCTaJJlaX, T. €. B KPHCTaJlax CpeHel Karel 
ropuu (1°, *°). PesyabraTbl nMogcueta ObWIH CrlaxKeHbl METOJOM «CKOJIb3AMLer 
okollKka» (1°) w mpelcTaBJIeHbl B Be TPeX KPHBbIX COJHHM MaKCHMYMOM JW 
KaxkJOH CHHTOHHM OTJembHO. J] TPHrOHaJIbHbIX KPHCTaJIJIOB MaKCHMYM OTB 
yaer 55°, JWI TeTparoHaJIbHbIx 54°, Wd rekCarOHaJIbHbIx 54°. | 

CxoJHble pe3yJIbTaTbl NOyUaIoTcA MW JWIA CpeqHuX apHdmMerHyecKux sHaug 
HUM NOJIAPHbIX paccTOAHUM. Cyeqyer OTMETHTb, U4TO pacnpeseseHHe MOAph 
HbIX PaCCTOAHHM OTHIO(b HE ABJACTCA PaBHOMePHbIM, OOHAPy2XKUBaA TeHJeH 
WHIO K OOpas0BaHHIO Pe38KO BbIpaxKCHHbIX MAaKCHMYMOB. Buu30cTb NpHBeekhi| 
HbIX BbIle CpeHHX yruioB kK 54°44’ 3acTaBaeT BCIOMHUTb 3aKOH KPHCTaJ 
rpaduyeckux mpegetop E.C. @exzopopa, cormacHo KOTOpoMy kKpucTaJi! 
BC€X CHHPOHHH MpHOIMxKaIOTCA NO CBOMM yrviaM K KyOwuecKHM HIM Trekcare 
HaJIbHbIM. 

Jo cHx Mop roBopHsi0cb O CYMMAaPHbIX CpeHHX BeIMYNHAX MOJAPHBIX pac 
CTOAHHH. OHako Bblaloujeeca 3HaYeHHE YIVIOB, OH3KUuXx K 54°44’, pesKo mp 
ABJIACTCA H B OTJCJIbHDIX KOHKPeTHBIX CTyyanx. B pesyaprate pacrBopenn 
(uIu OCOObIX ABJeHHH pocta) BOKPyr rlaBHbIxX OCeH KPHCTaJIJIOB HepelKO OG) 
pasyloTcA NOBepXHOCTH, MpHOIMKaloulMecA K MPaBHJIbHbIM KOHYCaM C MOMs p) 
HbIM paccTosHueM, OH3KHM K 54°. TakoBbl KoHycbl BoKpyr Ls Ha KBapllet 
BOKpyr L, Ha Oepuuisie, BoKpyr Ly Ha aumase (1°). | 

Oco6oe sHayeHue umeer yrom 54°44’08” u B rugpomunamuKe (7%, 18). JIpa 
PaBHOBeIHKUX Wapa, ABUXKYUIMXCA C OAHOH UM TOM %*Ke CKOPOCTbIO 10 OHOMY 
HM TOMY 2Ke HallpaBJIeHHiO BHYTPH XHAKOCTH, elcTBy1oT Apyr Ha Apyra c cu!) 


N Te > 
f mo dopmyane f = nov? “Vi (1 — 3cos? «), rae 6 — mmorHocTh XxXHAKOCTH! 
YU — CKOPOCTb JBH2KeHHA WapoB, fr — payuyc wWapos, M — paccrosun 
MexKy IWapaMH, &% — yroul MexKAY HallpaBieHHeM JBHXKeHHA MM TIpAMOM 


COENMHAOMeH WeHTPbl 3aqHero M NepesHero wlapos. 
CileqoBaTeIbHO, CuJia f MpeBpalitaerca B HYJb pH 3HaveHHH yrla «= 


= 54°44’08” («, = afc cos yf ai. 

Aannpiit Bpipox B. B. MWynetikun ucnomp30Ban mpu pacemorpenun BomIpoce 
O AwHamuke crau (**, 1). Yrom B 54°44’ on nasbiBaer «KPUTHYeCKUM», CHOW: 
3ya TepMHH, MpumMeHeuHbIi H. UW. Ugenpconom u M. B. Cropacom aa 0603Ha- 
YeHHA COOTBETCTBEHHBIX Mapasenel. 

B cBoe BpeMa Oblia Mpes0%*KeHa NOMbITKa MpoBecTu CX€MATHUeCKYIO aHa: 
JOPHIO MEXKAY PaBHbIMH WapaMu, TBWOKYULMMHCA M0 OHOMY HallpaBJIeHHWO B KH]. 
KOCTH, H SJICMCHTaPHbIMH YaCTHWAaMM B paCTBOpe, CTPeMALLHMUCA K KPHCTaIe: 
deckOmy sapogpiury (14). 

OSBpalllaiCh K XapaKTePHbIM MapaJJIeMAM Ha 3@MHOM Ilape, MOXHO OT 
METHTb 4UHCTO POPMaIbHOe, B OTHOWICHHM CHMMETPHU, CXOJCTBO MEXLY 3eMHBIN 
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(IMMCOHOM UH ciepo, MOKPbITOH rHOmMOcdepuyecKHMH MpoeKWMAMH panel 
IUCTaJJIOB CpeAHHX CHHTOHHH. 
_ CumMerpua HenoxBwxKHOrO auMConAa Bpamenna CLL, co PIT. pu spa- 
€HHM BOKPYr rilaBHOH OCH SJIJIMMCOHa OHa NepexoguT B Cummerpuio CLIT. 
M€HHO Taka CHMMeTPHA OOBACHAeT XapaKTePHYIO 30HAJIbHOCTb 3e€MHOFO 
apa, a BMeCTe C TEM H ACHMMCTPHUHHIe ABJICHHA BUOJIb MePHAHOHAJIbHbIX Ha- 
DaBJIeHMIi (ACHMMCTPHYHOe PasBHTHe KOHTHHEHTAIbHbIX OUePTaHHii, 3aKOH 
gpa Aid OeperoB pek, TeKYIHX B Me€PHAHOHAIbHOM HallpaBJIeHHH H T. I.), 
6 OTJIMYMH CHMMeTPHH HeENOIBHXKHDIX HM Bpallaouuxca dPuryp cm. (1). 
— OTMeTHM, YTO 10 HasIHUHIO OAHOH raBHOli ocv CumMerTpuuH (L,.) Bpalllaroululicsn 
2MHOM 9JIIMMICOK POPMaJIbHO MOXKHO OTHECTH K CpesHeH KaTerOpHH CHHTOHHH. 
Cummetpua ciepbl, ycetHHOH rHomocdepuyecKHMH MpoeKUMAMHM TpaHeli 
‘OUKaMH MepeceyeHuA HOpMaJeH K rpaHAM C MOBeEPXHOCTbIO Cepbl), MIA BCeX 
PUCTaJIOB CpeMHHX CHHTOHHH NpHOJIHxKeHHO MOXKeT ObITh OTHECeHa K CHM- 
e€TPHH HeENOABHXKHOrO sITUNCONTa CL, 00 L,co PIT BenelcrBue Toro, YTO MHO- 
‘eCTBO KOCbIX PpaHelt HMeeT CaMble Pa3JIMYHble AOMFOTHI H MOMAPHbIe paccTos- 
ua. Kak BUuMM, 3eCb MPHCYTCTBYIOT, B UNCIe Jpyrux, BCe WICMeHTbI CHM- 
eTPHH, MMelollueca Ha BPalilaolleMca 3eMHOM 93uuMCONZe. Mano Toro, u30- 
paxKeHHA 3eMHOTO Wapa H Cdiepbl C MpoeKUMAMUM TpaHel CXOJHbI He TOJIbKO 
O CHMMeTPHH, HO H MO XapaKTepHbIM MapaueiaM. 
Crelyer OTMeTHTb Tak?Ke OHH OOULMH MPHHIWLMM, MpOABJIAIOUIHHCA Kak Ha 
OBe€PXHOCTH 3e€MHOrO Wapa, Tak HM Ha NOBEPXHOCTH KPHCTaJIMYeCKOrO Tea — 
PHHUMM MHHUMyMa NOBepXHOCTHOH 9HepruH. B reomornu, C WebiO OObAC- 
eHud (opMbl 3emHOrO Ulapa, ero BbIZBuramu Jlaneman (°°) u Jlannapan 
2728 9-11) 8 KpucTrammorpaduu — II. Kwpu (74) u Tr. B. Byane (°). 
Ha 9TOT YHUBepCasIbHbIM MpHMHIMM OOpaTus Hallie BHuMaHnHe M. B. Crosac. 
lymaem, UTO MMeCHHO 3JeCb H KPOeTCA PasrafKa 3aMevaTeJIbHOTO COBMaeHHA 
apaKTePHBbIX YIJIOBbIX BeJIMUHH B reowOrMH uM KpucTamorpadun. OpHako Je- 
aJIbHOe OObACHEHHE OTMCUCHHbIX ABJICHHH — eo 6yAyuyero. Cetuac MOXHO 
Hb YTBep2*KLaTb, 4TO H B reoJOrHH HW B KpHcTasorpadun Mu B ruypowMHaMuke 
JIMH HW TOT 2%Ke YrOJl ABJIAeTCA JHEPreTHYeCKH BHIFOLHbIM WH WOITOMY UurpaeT 
cO60 BaxKHY!O POJIb. 


Ilocrynuao 
18 XII 1957 
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Jloxxagn Akagemuu nayx CCCP 
1958. Tom 120, Ni 3 


TEOJIOFH Sy 


JI. HW. AJIEKCEEBA 


K MAJIEOHTOJIOTHYECKOMY OBOCHOBAHHIO YTEOJIOTHYUECKOL 
BOSPACTA EPrFEHHHCKHX MECKOB (110 JAHHbIM ®AYHDbI 
MJIEK ONMTAFOWINX) 


(ITpedcmaeaeno axademuxom H. C. Hlamexum 11 IT 1958) 


OrHOCHTeIbHO BO3SPacTa ePpreHHHCKHX MeCKOB CYLeCTBYeT HeCKOJIbKO pas} 
JIMYHBIX TOYeK 3peHHa. BoswbuIMHCTBO HCCeLOBaTeleH MPHXOAMT K BbIBOL 
© MWIHOLeHOBOM BO3pacTe OOpa3s0BaHuA aTux MecKkoB ((7, °~8, 19, 14, 14) w mp.)) 
OcHoBaHHeM WIA BbICKa3bIBaHHA TaKHX NpPeANOMOReHHH NMOCIYKHIU PeKUE 
HaXOJKH PaKOBHH MOJJIIOCKOB (OObINHO MWIOXOM COXpaHHOCTH), a TaK2Ke HaOJI0 
JaeMble COOTHOIUEHHA ITHX MECKOB C APYPHMH CBHTaMH, Pa3BUTbIMH B ITOM Huy 
B OM3JlexKalluxX paioHax HW OXapakTepH30BaHHbImMu dayHuctuyeckn. I. H. Pog| 
3aHko (1) nof_pa3qemner epreHHHCKy!lO CBUTY Ha [Be CepHu (aKUarblIbCKy 
MW amluepoucky10). Bombiiaa yacrb TeppHTopuu EprexuucKkoro MaCCMBa MOKPBbIT 
aKk¥arblIbCKOH CepHel epreHHHCKHX NeckoB. B 9ToH cBUTe He ObWIO Halen 
cpayupl, HT. H. Poa3anKxo onpefeser ee BO3pacT Ha OCHOBaHHH MpucJIOHeHHA 
K Hel aMWlepOHCKOH CepHu MecKOB, COAepxKaleh PayHy MOJVJIIOCKOB alliepoua 
I. U1. Tonos ('*) nomemaer epreHuHCKuHe MecKH B CpegqHH MIMOleH (KUMMepuHii 
CKHM sipyc) H OTMeyaeT, UTO Ha EpreHHHCKOM MaCCuHBe ecTb Goulee MOJIOZbIe BPE 
3bl, BbINOJIHCHHbI€ Tak2Ke MecKaMu. 

Haxogku (ayHbl MJICKOMMTAaIOWMX B epreHHHCKHX MecKax JO CHX Nop ely 
HHuHbI. B. pomosa (°) onpegemusa Elephas meridionalis u Equus aff. mos 
bachensis, yka3bIBalouluxX Ha paHHellelHcToueHOBbit BO3pacT OTVJIOXxKeHUE! 
K coxasleHHio, B padore He yKa3aHO TOUHO, 43 Kakoro yyacTKa Eprenet mpo 
HCXOMAT 9TH OCTATKH. 

Bo Bpemsl paOoT, CBA3aHHbIX CO CTpoHTeibcTBOM Bosro-JloncKkoro KaHasla 
axcnenuivei Ne 8 Vugpompoexra Ha 1oxHbIX Eprenax Obliu OOHapyxKeHbib 
B €preHHHCKOM MecyaHOu TOILE OOJIOMKH KOCTeH MJICKOMHTAaIOUHX H Yepenax *.) 
Cpequ stax KOcTHDIX ocraTKoB B. M1. Ppomopy ** yganocb onpeletuTb O6IOMKH 
3y6op Gazella u Mastodon arvernensis (?), HuxKHtoOI0 yemocTb Meles (?), 06-: 
JIOMKM 3yO0B JOWalMHblx (Equus uu Hipparion) u o60mKu KOCTOUeK KaKHXx-! 
To Mustelidae. B 1956—1957 rr. Ha 9TOM MecToHaxoxKeHHH aBTOPOM OBUIH Cye- 
JlaHbl JOMOJHUTeIbHbIe COOPb! (PayHbl, MPHYeM UaCTb KOCTHBIX OCTATKOB ObWIe 
H3BJledeHa HeMOCpeCTBeHHO M3 epreHHHCKOH ToMMM. ITO MecroHaxoxJeHHe 
PaclIOJIO2KCHO B MeCYaHOM Kapbepe Ha BbICOKOM CeBepHOM Gepery osepa Manpiy-' 
r'yquo, B 3 KM Ha CeBepo-BocToK or xyt. Hwxuero Bogauoro u B 3,5 KM Ha 
gana oT xyT. CramuHo (Pocrosckas o6u.). Sgecb, B cKmoHe EprenuncKkoit 
BO3BDbIIMCHHOCTH OOHAaxKaloTCaA: 


Mourxocts, M 


1. Coppemennpiit nouBeHHbIi NOKpoB 0,4 —0,15 | 
2. Cymecb KpacHo-6y,aa ymJIOTHeHHad, KHH3y mMocTeleHHO Tepexowanad B 

CYP JIMHOK 0,4 
3. CyrMHOK KpacHoBaTo-Gypplit MecuaHHcTbiii c H3BeECTKOBBIMH CTAXKeHUAMH. 

Ilepexog B culo 4 nocTeneHHBIit 0,6 


uN 


[lnorHpii TOHKOSepHUCTHIH TIMHMCTEI MecOK 2KeTOBATO-OpamKeBoro UBe- 
ta. B mecke BcTpeyaloTCa HSBeCTKOBbIe CTAXKEHUA U TpyOKOOOpasHbie mec- 
YaHHKOBbIe OOPasOBaHHA, Pe/Ibe*HO BbIAeAOWIMECA Ha BbIBeETPe OL TlOBepx- 
HocTH. Kuwsy WecOK CTaHOBHTCA Oosee pbIXbIM HM MeHee ruMHUcTEM. B 
HWKHeH YacTH COA HaOMOMalOTCA KPOTOBHHBI MU H3BeECTKOBLIE CTAKCHHST, 
Coulee KpymHble, ¥eM B BepXHeli MOMOBHHE culOg 2,0 


“ B cOopax ux mpHuumanu yuacrue, secre cL. H. TopeukuM, OTKppIBLIMM MecTroHaxoxe- 
ave, TaKxKe M. H. Ppunenxo, MW. M. Moxposcxas u B. C. Ilopeukas. 
YcrHoe coo6menue. 
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. Ilecok TenkosepHucrTplii cBeTJIbIM 2KeITOBATO-cepbIi, yuacTKaMH MATHHCTHIE. 
Berpeyaiotca KPOTOBHHBI H H3BeCTKOBUCTHIC CTAXKCHMA, OCOGeHHO B HHXK- 
HeH WaCTH CJIOM, Pe NecOK cTaHOBHTCA 6oee PHHHCTEIM V3=O.3% 
? ? 


. Ilecok TOHKO3epHUCTHIM, cepoBaTO-2KeJITOBATHI, MecTaMH OypoBaTHlii, KHH- 
3Y CBeTJIO-cephl H Oe. B cpeqHeli uacTH COM BCTpeyueHbl OOOMKH 
KOCTeH MJICKOMHTAaIOUIMX H penTHMii (OOMOMKH NMaHUbIpA yepemax). Kocr- 
HbI€ OCTATKY CHJIbHO OKaTaHbl. M3pemKa BcTpeyaeTCaA MevIKad KpeMHeBan 
WM KBapleBad TalbKa. B HH%KHeH YaCTH COA NeCOK CTAHOBHTCA HeCKObKO 
Ooulee PIMHHCTbIM; TepexoA K HMKese*KalleMy CJIOIO MOCTeMeHHbIit ONG =— On 


. Tlecoxk cBeTno-xeJITHI TOHKOZePHHCTHIM, B HMXKHeH uacTH xKeJITHI u yua- 

CTKamMu OypopaTbl. XOpowo BHAHA MeJIKaH TOPH30HTAaIbHaA COHCTOCTH, 

Ha (OHE KOTOPOH MecTaMH 3aMeTHa KOCaad cIOuCTOcTb. YuacrKamMy Ha- 

OO AawoTcA JMH3006pasHble Mpocon Sosee KPyNHO3epHHCTOrO Mecka (Toro 

2ke coctasa). Hs3peyka BcrpeyaioTca kpoToBHHEl. Ha BEIBeTpesoli MoBepx- 

HOCTH XOPOIO 3aMeTHbI APeBOBHAHEIE HIM TpyOKOOOpa3sHble cTaKeHuA 5,0 
YNJIOTHEHHOrO TNecKa (BO3MOXHO, 9TH CTAKeHHA OOPasoBasIuCcb Ha MecTe (BugyuMaa) 
KOpHeH pacTeHHit). 


_ HwkKHaa 4aCTb 3aKpPbITa OCbIMbIO, Ha NOBEPXHOCTH KOTOPOH TakxKe Ob 
[ali JeHbI KOCTHbIe ocTaTKH. [loceqHue, KaK M3 OCBINM, Tak H 43 ClO” 6, uMeIOT 
YMHY HM TY Ke CTeNeHb COXPaHHOCTH KOCTeH, UTO JaeT OCHOBaHHe CUHTATb KOCTH, 
s3ATbIC H3 OCHINH, MPOHCXOAAUIMMH H3 BbILeOMMCaHHOrO KOCTeHOCHOrO cyuos 6. 
_ OmncaHHbli paspe3 mecuaHOl TOJIULM XapaKTepu3yeT COOOM HUXKHIOIO 4aCTb 
PfCHHHCKOM CBUTHI, T. €. HaWOosee IPeBHIOIO CepHio ee OCaAKOB, KOTOPbie 10 
*. H. Pon3auxo ('”) aBasatorca akuarblibCKHMH. Bo3pacT 9TOH CepHu Kak aK- 
(arbll ObWI YCTaHOBJIeH YCJIOBHO — HCXOA u3 *akTa MepeKPbIBaHHA 93TOM Ce- 
MM OCajIKaMH Jpyrou, Oomee mMosOJOH cepuHu (KYTeHHUHKOBCKue con). Hali- 
(eHHawA B KYTeCHHUKOBCKUX COAX tbayHa mowocKoB (Adelina valuta) mos- 
;OUIMJIa UX aTHPOBaTb HHXKHUM alllepoHom. TakuM oOpa3om, Oblla yCTaHOB- 
leHa BEPXHAA pana epreHWHCKOli CBUTbI. OCHOBHaA %Ke Macca MecKOB 3TOH 
BUTHI, CJICMOBATeIbHO, OTJOXKUMAaCb B OOIee paHHee BpemaA. Tak Kak epreHuHcKue 
IeCKH JIOKAaTCA Ha Pa3MbITYIO MOBEPXHOCTb CapMaTa, a MeCTaMM H MOHTA, TO 
peMa OOpas0BaHHA HHKHel CepHu, MO MHEHHIO JaHHOro MCCJIeLOBaTeJA, Maaer 
[a aKu¥aPbll HW, MOXKET ObITb, Ha Oolee HU3KHeE CTPaTurpaduyeckue TOPH3OHTb! 
MO-BHJMMOMY, Wo,pasymeBaeTca cpeqHHH niuoiweH — JI. A.). 

MayuHa MJleKONNTaIOWMuXx, OOHapyKeHHaA BOH38H xyTopa Huxunero Boga- 
(oro, HalijleHa B OTJIOXKeHHAX eEPfeHHHCKOH cBuTHI in situ. Hecmorpa Ha CuJIb- 
ryIO H3MCJIbUCHHOCTb M OKATaHHOCTb KOCTHbIX OCTATKOB, YJaJIOCb YCTaHOBUTb 
azHOOOpa3HbIi posoBol cocras dayubl: Anancus cf. arvernensis, Gazella sp. 
| elle OMMH BU MemKOH aHTusoMbI (rouHee, He ompeyenumbI), Rhinoceros sp., 
Jipparion sp., Testudo sp. u Clemmys sp. 

OctaTKH MaCTOJOHTa MIpeMCTaBJIeHbI TOMbKO OOJIOMKaMH 3yOOB, PlaBHbIM OO- 
a30M, OOOMKaMu 9MaH. Hav6omee xopoulo coxpaHHBUInica OO0MOK 3y6a 
ipuHalviexan OyropyarosyOomy mactogouty. Jlia Oacceta Nona u OM Kali- 
WHX PaliOHOB M3BeCTHbI TPH Bua OyropyaTOsyObIx MaCTOAOHTOB: Tetralopho- 
ion longirostris, T. grandincisivus, Anancus arvernensis. OnucpiBaembiit 00- 
omMOK 3y6a uMeerT TONUIHHY 2Mamu 7—8 MM. Takada OoNbIWaxn TOJIMMHAa 9MaJIH 
cTpevaerca TObKO Ha MOCeLHUX KOPeHHBIX 3yOax A. arvernensis. CreqoBa- 
€JlbHO, C HEKOTOPOM OCTOPOXRHOCTHIO TaHHbIH OOOMOK 3yOa MoxeT ObITb OM- 
ejeleH Kak Anancus cf. arvernensis. 

Cpe KOCTHbIX OOJIOMKOB yJalOCb OMpeeHTb HECKONbKO KOCTOUCK Med- 
OO MapHOKOMbITHOTO: TPH MepBbIX (alaHru, TapaHHaaA KOCTb, OOJIOMOK Me- 
anowua wu KoMbITHad cbaslaHra. [IpopesenHoe CpaBHeHue C aliaJIOrH4YHbIMH KkO- 
TAMU M@JIKMX MapHOKONBITHBIX (OapaHbl, KO3bI, AHTHJIOMbI) MOSBOJIMIO OTHECTH 
TH octaTKH kK poy Gazella (?). Kpome Toro, Obi Hali eH OO10MOK 3y0a MeIKOrO 
APHOKOMBbITHOrO. OTO MpesANocieqHHi HW2KHe€KOPeHHOH 3y6 (ero BHYTPCHHAA 
TOpoHa) C XOpOWO BbIpaxKeHHOH (AOBOJbHO ryOoKoli) BbIpeskoH. BpipesKka 
acTOIbKO TulyOoKa, TO OHa MOUTH JemMT 3y6 Nonoam. Ha MMetomlemcs 06- 
OMKe Kak pa3 H COXpaHWJlaCb CaMad BepllMHa S9TOH BbIPesKH. Tny6oxkaa Bpipes- 
a XapakTepHa TOJIbKO Ala pola Saiga. Cyata 110 HeOOJIb IMM aOCOJIKOTHBIM pa3- 
epam, 3y6, ckKopee Bcero, NpHHaliexkad HeOobIUoOH aHnTHIONe. IIpapya, 
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BbISbIBAeCT COMHCHHE HECKOMbKO OOJIbIlad THMCOAOHTHOCTL 3y6a (CpaBHHTebH 
c 3yOamu aHTHon. Bricokad KOpOHKa CBHJeTeIbCTBYeT O TOM, 4TO, MO-BH 
J[MMOMY, 9TOT 3Y6 NpHHalexKaJ BbICOKOPa3BUTOK aHTHIONe, yxKe OH3KON K Has 
cToamel calire. 

Cpeau co6paHHoro MaTepHaJia HMeeTCA HECKOJIbKO OOJIOMKOB BEPXHEKOPeHHbI 
3yOoB, NpHHalwiexKauux ranmapnony (Hipparion sp.), a Takxe OOJIOMKH peslla 
WM KOpeHHoro 3y6a Cervus sp. H OOJIOMKH 9MasIM KOpeHHBIX 3y60B Rhinoceros 
sp. Hano ormernuTb,YTO B OOJIbLUIMHCTBe CBOeM COOPaHHbIle KOCTHbIe OCTATKH ped, 
CTaBJIeHbI OOJIOMKaMH MaHbipsx uepenax. Ilo onpegzenenuto JI. MW. Xo3auxoro*, 
OOJIbIUHHCTBO OOJIOMKOB NaHUbipx MpvHaswiexKaT Ha3eMHOH uepelaxe H3 pod 
Testudo (rombKo OMH (bparMeHT mpHHalexuT poxzy Clemmys). CpaBHenu 
3THX OCTATKOB C Yepeliaxamu poga Testudo noka3az0, uro uepenaxu “3 IOxKHbI 
Epreveli ABJIAIOTCA MVIMOWeHOBbIMM (CKOpee BCero, MO3]HEIVJIMOMeHOBbIMH). 
Bawxe Bcero 9TH OCTaTKH K Yepelaxam H3 KocaKHHCKOrO MeCTOHaxXOXKeHHA, 
KOTOPOe CulelyeT OTHOCHTb Ha OCHOBAaHHH CocTaBa ero (payHbl K HH3aM BepxHer 
nurmMolena* *. 

Takum o6pa30M, dayHa MJICKOMMTAaIOuULNX H pentru u3 epreHHHCKUX Me- 
CKOB JaeT HaM JOBOJIBHO ONpeseJIeHHOe NpeCTABJIeEHHe O BO3PaCTe 3THX OTJIO- 
Keon. Hanuuue mactrofjouta Tuna Anancus arvernensis ykKa3bIBaeT Ha BTO-: 
pyto nomoBHHy minomeHa. IIpucyrcTBue aHTHJION, WMeIOULHX BbICOKOKOPOH-: 
KOBble 3yObl, T. €. OJIM3KHX K Calire (M3BeCTHOH NOKa TOJIbKO M3 MwelcTolleHa), 
He MPOTHBOPeyHT MpeANOO*KeHHO O BOspacTe ITOH GayHbl He [peBHee Bepx- 
Hero MvIHOWeHa (HIM 90MeHcToWeHa mo cxeme B. V1. Tpomosa (4)). Jaa 6omee: 
IpeBHHX OTNORKeHHH (BePXHHH MMOMeCH H HWKHHU MWIMOMeH) XapaKTepHbl aH- 
THIONbI C OOlee OpaxXHOJOHTHbIMH 3yOamu. BausocTb uepenax u3 Epreneii xi 
yepenaxamM KocsakKHHCKOrO MeCTOHAXOKJCHHA TakKKe CBUJETeIbCTBYeT O BepXx=: 
HeMJIMOMeCHOBOM BOs3pacTe epreHHHCKOH dayHbl. IIpuHumaat BO BHHMaHHe TOT 
(bakT, uTO (ayHa MJI€KOMMTAIOULMX HalileHa B HW KHEeli CepHH epreHHHCKOl 
CBHTbI H YTO BEPXHAA CepHA STON CBUTHI LaTHPOBaHa HH2KHUM alllepOHom (cM. 
Bbillle), BOSMOXeH OLMH BbIBOA: OOpasoBaHHe HWKHel YaCTH MeCKOB epreHHH- 
CKOH CBHTbI MPOMCXOAHIO B BeEPXHeM IWIHOWeHe (BEPOATHO, B MepBoli ero MOV0- 
Bune). BoOsMO2%KHO, NepHos OOpas0BaHus STHX MeCKOB Ha 1OX%KH‘IX Epreusx B He- 
KOTOPOM CTeIMeHH COOTBETCTBYeT BPeMeHH (POPMHPOBaHHA XaNpOBCKOH TOMMY! 
[Ipuasopba, cofepxKaleH OcTaTKM MJI€KOMMTAaIOlNX XalpoBcKoro (bayHHCTH-! 
yeckoro Komisekca B. HW. Tpomoza (3,4). | 

Mak, Haxoyka BEPXHEMMMOMCHOBOH (20MIeHCTOWeHOBOH) chayHbI M03Bo-. 
HOWHDIX B €pleHHHCKOM CBUTe NOSBOJIAeT NOATBEPAHTb WM HECKOJIbKO YTOUHHTB» 
NaTHPOBKY STHX OTJIOXKeCHHH BePXHHM MWIMOWeCHOM (S0TeHCTOIeHOM), a TakxKe. 
MOJHOCTbIO OMPOBeEPrHYTb MpeAMOO*KeHHe pila aBTopos ((7, 1%) w wp.) o MuHO-: 
IkCHOBOM BO3PpacTe €preHHHCKHX MeCKOB. | 


Teouoruyeckui uncrutytT Akazemun Hayk CCCP Tloerynuso 
10 II 1958 
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“MC. A. AkKoOBaeB, OcHOBbI reonoruH ueTBepTHUHEIX OTMOKeHHII Pycckol papHunnt, 1956. 


* YcrHoe coo6menue. 


eR - 
Cnenyer OTOBOpHTbCA, YTO C YepelaxaMH M3 Ooee MOJOMbIX OTMOXKeHM (BTOpaw 
NOMOBMNA SOMeMCTOWUeHa MH HHYKHHM MelcTOWeH) CpaBHeHHe He NpoBo_usOcb. 
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flokxayge Akagemun nayx CCCP 
| 1958. Tom 120, Ne 3 


PEOJOLH 9 


| M. A. M'EPTAMEHT 


BEPXHEMEJIOBbIE OTJIOOKKEHHA CEBEPO-3ANAHOW KAMYATKH 
(ITpedcmaeaeno axademuxom H. C. Hlamcxum 25 I 1958) 


Tlepppie yka3aHHA O NpHCyTCTBHH MesOBbIX OTIO2%KeHHH Ha KamuatKe bl 
‘Haxofum B paOotax ©. B. UImunra, II. HW. Monesoro (1’), H. C. Boponen (5), 
M. ©. Jisann, B. ©. J[paxonopa (8), B. B. Xsaropa u yp. Tocnexyrouue 
‘MCCJIeOBaHHA NMOKa3saH, YTO BO MHOrHX paloHax KopsaKxcKo-KamuarcKou 
oOlacTH WMpOKO pacipocTpaHeHb! MOposb Mesa. B mpomecce ux usyueHHA 
(8,8, 9,44 191°) a ap.) BbICKa3bIBaJIHCb Pa3/IMUHbIe MHEHHA O MOCTeLOBaTebHOCTH 
SaleraHHa, OObeme H BOSpacTe MOPCKHX, KOHTHHEHTAJIbHbIX HM BYJIKaHOreHHbIX 
TOM, MpHyeM B MocweqHee BPeMA BBIACHHOCb, UTO B palOHe K BOCTOKY OT 
modepexpa I[lenxuHCKOH ry6bl, Ha MIOMalM, orpanHueHHOH HuSOBbAMM 
p.[len2kuubl c cepepa, p. Tanosxoi, MamerunHcKumu ropamu c BocToKa Hu Ma- 
MeTUHHCKHM 3aJIHBOM C ra, MbI HMe€eM OJ[MH H3 HaHOoulee MOJHbIX MH OoraTo 
‘OXapakTepH30BaHHbIxX (PayHOH MeJIOBbIX pa3spe30B. Ilo Tumy MHOrOKHJIOMeTPO- 
BOrO pa3pe3a MOPCKHX MeJIOBbIX TEPPHTeHHbIX TOMI 3Ta TEPPHTOPHA MpuHavie- 
X%KUT K MepesoBomy mpornOy Hunnonckow reocHHKJIMHaJIH, OTIeICHHOMY OT 
pacMOJIOKeHHOH BallaqHee Me3030HCKOH cCksJlaquaTol oOsacTH jempeccnei 
Tlen:KHHCKOH ryObl H «OKPaHHHbIM BYJIKaHOreHHbIM Moscom» (H. C. WarcKkulit 
uw A. A. Boryanos, 1957 r.). 

Tloce nepBprx HaOogeHui B. B. Xparopa B 1933 r., mesoBble NOpOsb! M0- 
6epexbs up. TaJloBku ObiIM Noqpasqenenbi H. M. Mapkunpim Ha TPH CBUTHI (*?). 
Pa6orn! B 1947—1952 rr. reonoros JIasberpoa asiM pA, HOBbIX WeHHbIX MaTe- 
puasos. B wupoKyto, o6o6matoury1o cratbio B. H. Bepemaruna no mesy Jab- 
Hero Bocroka (*) y2ke ¥aCTHUHO BOLWIM M3saraemble pe3y/bTAaTbI Hallux Hab- 
JIIOJeH HH . 

KpaTko ONHCbIBaeMbIM HH2Ke ONOPHHIN paspe3 allT-aJIbOCKUX H BePXHeMEJIO- 
BbIX OTJIOMKeHHH CeBepo-3alaqHol KamuaTKH cOocTaBJIeH aBTOPOM MO YaCTbIO 
ONYOJIHKOBaHHbIM MaTepHasam (1°) ero crpaTurpatbwyeckux UCcceOBaHHi 
1953—1956rr. Koamekuuu uckonaemon cbayHbl H (Puopbl MpeABapHTebHO U3y- 
yeupt M. HW. Bopcyx, B. H. Bepemaruyupim, A. ®. Ecbumopoi nu aBropom. 

Ilo muromoro-merporpaduyeckum ocoOeHHOCTAM UH MaJIeOHTOJOrMYeCKHM 
ocTaTKaM B COCTaBe MeJIOBbIX TOpoy ceBepo-3anaqHoH Kamuatku BbI,euAIOTCH 
yeTbIpe CepHH UM J€BATb CBHT MeJla, KOTOPble XOPOWIO COMOCTABJAIOTCA C OHO- 
BOSPaCTHBIMH OOpasoBaHuAMHU Kak Ooulee toxwKHbIX (CaxauH, SmonuA), Tak UM 
cesepHbix (Anagpipb, Ansacka) oGacrei TuxookeaHckoro moOepexKba. 

Ycranossenupie B 1953 r. Ha O6uMpHO TeppHTopuu amT-albOCKHe OTJIO- 
XKCHHA HH*KHELO MeJa (MOHTOHEHCKaA CepuA) pacnajaloTcA Ha TPH CBUTHI. Tlep- 
Bast, WIM HMxKHAA, cBuTra «MameruMHcKHx Trop» Moka OXapaKTepH3OBaHa He- 
JOCTaTOUHO, TaK Kak CJlaraloulve ee Pa3HO3ePHUCTbie WeCuaHHKH MOULHOCTHIO 
6osee 1300 mM B MpocmoAx Canes UM TYOB COsepxKaT TOMbKO OOJOMKH NPM3Ma- 
THYeCKOTO CJIOM HHOWepaMOB, H HWXKHAA UX Tpanulla ACHO He HaOvoJaeTca. 
Jlexaume Bbillle HM C MOCTeMeHHbIM MepexoJOM MOLHbIe TYPOOPeKYNH aHe3H- 
TOOASaJIbTOB, MPOCOH 3eJIeHbIX H CepbIX MecYaHHKOB HM TeMHBIX KP€MHHCTO- 
TIMHUCTHIX ClaHUeB KapMasMBasdMcKol cBuTbI (0 1400 m) no pp. Kapmaan- 
BaaM, Bepesopoiit, Mamere, B xp. TbilakpbluI HB Apyrux MyHKTaX CO,epKatT 
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Aucellina aptiensis (d’Orb.) Pomp., A. aff. nassibianzi Sok., Aucellina sp 
Anomya sp. B cocraBe BepXHel aHtHbIHCKOH CBHTHI 110 J1€BbIM TIPHTOKaM P. AWiubIE 
HB Cpeytuem TeyeHnu p. Mamerbi mpeo6safaior pasIM4HOW OKPaCKH MeCuaHuKy 
aJI@BPOJHTbI MH TIMHUCTbIe CaHI{bl, a Ha MameruHHCKOM MOJYOCTpoBe ee BepX: 
HAA YaCTh MpelcTaBseHa JIMTO-KJlaCTHYeCCKHMH TYYaMH C MpoOcJOAMHM TY@OKOH| 
TIOMepaTOB MH KPeMHHCTO-FJIMHHCTHIX CJlaHieB. B sTHX MYHKTaX, B MOpowa® 
CBHTbI OOmeH MouIHOCTHIO WO 1800 mM, coOpaHbl MHOTOUHCJIEHHDIe allT-aJIbOCKHe 
Aucellina aptiensis (d’Orb.) Pomp., A.caucasica Buch., A. sp. aff. gryphaeo) 
ides (Sow.), A. sp. nov., Inoceramus cf. anglicus Woods., Pusosia sp., Phyl: 
loceras sp. 

B meomM MOHTOHelCKaA CepHA allT-albOCKOro BO3PacTa COOTBETCTBYET lec: 
yaHO-CJlaHWeBbIM OTMO2*KeHHuAM Auagpipa (* 17 18) w uacrH cBuTbI KeHHuKO 
Auscku (72) c Aucellina u oqHoBospactua c cepuei Muaxo Anonun. Bo3smoxuHo, 
OJHOBPC€MEHHbI eH MOHCaTalincKand cepua SanagqHow KamuaTku u KOTaHCKa 
cButTa CaxaJivHa. 

HanOouee peBHHe H3 BePpXHEMEJIOBbIX OTOXKeHHH SCTHYHHHBaAMCKOM Ce- 
PHM COCTOAT M3 KOHTJIOMepaTOBbIX CJIOeCB WH MeCuaHO-CaHWeBbIX MOPO Tak Ha- 
3bIBaeMOH MAMeCTUHHCKOH CBUTbI, COMepxKalleH Ty %e PayHy, 4TO WH HHKHU 
nospasieleHua TuIAKcKOH cepuu CaxanuHa u Anonuu (7 7°) uw ceHomaHcKU 
oTmoxeHHaA AHambipcKon o6macru. Ha CaxamuuHe c Hel JO2%KHa, BUMMO, CO- 
NOCTaBIATbCA TaK Ha3bIBaeMad TOMMHCKaA Toma E. M. Cmexosa (°°). Ka 
ylal0Cb YCTaHOBUTb, KOHTVIOMepaTbl OCHOBaHHA BepxHero Mewia (260 m) B Oac- 
cee p. Ocrwm4HMHBadM u Ha Mbice Mamer TpaHcrpeccHBHO HM C YIVIOBbIM Heq 
corjacCHeM JIOx*KaTCA Ha ayleJIMHOBbIe CJIOH, UTO MOCTOBeEPHO CBHJeTeIbCTBYe 
O TEKTOHHYCCKHX JIBHXKCEHHAX Ha pyOexke HMKHEFO UH BepxHero Mesa. [lecuanuku 
M aprHJIMTONOMOOHbIe PIMHMCTHIe CIAHIbl, KaK HM KOHTJIOMepaTbI 3TOM CBHTHI,, 
cogepxat Inoceramus concentricus Park. varl nipponicus Nagao et Mat., I. te- 
nuistriatus Nag. et Mat., I. cf. yabei Nag. et Mat u ap. Kpome Toro, 43 KOHTvIO- 
Mepatos p. M3Buucro# B. H. Bepeujarun mo naxoyxe A. ©. Muxaiinosa on- 
pexemua Turrilites cf. costatus Lam., nogrsepxxjaiomuii CeHOMaHCKHM BO3- 
pacT BMelaoulHxX Mopoy. OuveBuHO, YTO SCTHYHHHBaAMCKOM cepuu Ha AnacKe 
COOTBETCTBYIOT OTJIOKeHHA BepXHelH uacTH cBuTbI KenHuKor c Inoceramus 
concentricus var. subsulcata, HwxKHue COM OMPOHCKOH TommM SanazHol 
Kamuarku (*) c Turrilites costatus u mp., a B palione OyxTH! YrombHoli — no- 
Ppobl PHHTepoBcKolt cBurbi(*) c Inoceramusconcentricus var., I. tenuis u yp. 

Boslee MONO[be OTMOXKeHUA, OObEHHACMBIE B TaJIOBCKYIO CepHIO C KOHTWIO- 
MepaTaMH B OCHOBaHHH, PaCMaaloTcA Ha [Ba CTpaTHrpadwyeckux TOPusOHTa 
C OCOObIMH MaJIeOHTOMOFHYeCKHMH KOMIUICKCaMH B Ka?KloM. Tlew2KMHCKHii ro- 
PH3OHT (BHM3Yy) MpecraBleH K ory or wuporst 62°00 momHEimu (20900 mM) 
H TVIMHUCTbIMM CJlaHIaMH C MpOCJIOAMH TY(OB CBUTbI M9Ib-3JIb C MHOPOUHCJEH- | 
HbImM Inoceramus hobetsensis Nag. et Mat., I. iburiensis Nag. et Mat., | 
I. gibberosus Bodyl., I. teshioensis Nag. et. Mat., I. lamarcki Park. var sub- | 
radiatus Bodyl., Scalarites venustum Yabe, Scaphites, Puzosia u Ap. | 

B ceBepo-sanaqHOM HallpaBleHunH 9TH OTOXKeHUA 3amellaloTca necuaHo- 
KOHTJIOM€paTOBbIMH MOpOaMu BaJIMxKreHCKOH cBuTbI (Jo 500 m) c namacramu 
KaMCHHBIX YrvleH M OCTarTKamu onpexeraBuuxca A. H. Kpuwrodosuyem nwx- 
HeCeCHOHCKHX pacTeHui ("). Ha moGepexbe, kK tory or ycrba p. Becenoli, u3 
YMICHOCHBIX HOpOX STOM CBHTbI, HeCOriacHO MepeKPbIBaIOMUX OKC(bopsCKHe | 
oOpa30BaHua, oTOOpaHbI Platanus newberryana Heer., Viburnum elongatum | 
Ward., Asplenium diskonianum Heer., Torreya suspecta (Holl.) Bors. n. comb. | 
H ip. Bollerexamaa Obicrpuuckad cButa (40 700 Mm) NOBCIOAY CBA3aHaCc MOL- | 
CTHJIal0WJHM Ie@PYKMHCKHM TOPH30HTOM IOCTeMeHHbIMA TepexOamMu, TaK uTO 
MpaHulla CBUTHI OMpPeNeAeTCA JIMMWb NO NOABJICHHIO B MeCuaHuKax HM PIMHUCTHIX | 
CilaHtax e€ HHKHeH YaCTH (HW2KHAA ObICTpHHCKad NoAcBuTa) XaPaKTePHBIX | 
Inoceramus patootensis Loriol., I. cf. cardissoidex Goldf., Gaudryceras den- 
Seplicatum Jimbo, Anapachydiscus naumanni Yok. n ap. Crparurpaduuecku | 
BPIHIC 110 Paspesy HWKHAA MOACBUTA NOCTeMeHHO CMeHACTCH HOBOH yreHOCHO! | 
TOJMeH (BEPXHAA ObICTPHHCKaAA NONCBUTa) MOWHOCTbIO OT 200—250 yo 125 , 
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¢ octatkamu Cephalotaxopsis intermedia Holl., C. heterophylla Holl., Sequoia 
concinna Heer., S. cf. obovata Know. u gp. 

Ilo MHOrounCIeHHbIM HM pasHOOOpasHbIM BepXHeTyPOHCKUM — HHKHeCeHOH- 
CKUM (OpMaM TaJIOBCKaAd CepHsa serKO conmocraBAercA C cepnet YpakaBa 
WM BepXaMU THIAKCKOW Cepun MnOHMU, HMKHeli YacTbIO OpoueHCcKOH cepun Ca- 
‘XaJiMHa (xOeHCKasd, CHHHalCkKaa, KOTOHCKad Hu HuliTOlicKad CBUTbI) H COMME 
bica Omron SanaquoH Kamuarkn. B palione 6yxtTe! Yrombuoit eli orpeuaior 
-KPCMHHCTO-IVIMHUCTbIe CaHIbI H MeCuaHHKH C KOHTIOMepaTaMH B OCHOBaHHH 
OapbIKOBCKOM CBHTHI, a B Gacceline Anagpips — onucanupre B. H. Exucee- 
BbIM (°) MOPCKHe H KOHTHHEHTaIbHbIe OTMOKeHUA pp. OcuHosoli, Tesmeneem-2 
wap. Ha Anscke HecoMHeHHBIM aHasIOrOM TalOBCKOli Cepuu, ecm ucxo_uTD 
(M3 BCTPeC4YeHHBIX B HHX OPlaHH¥YeCKHX OCTATKOB, ABJIAIOTCA MOPONbl HHXKHUX 
cmoep cBuTb! Maranycka c Inoceramus uwajimensis Jeh., I. undulato-pli- 
catus Romer, Pachydiscus u gp., a takxe ormoxenua cBur UnruuK, Topox, 
cepuu Kovipusa u ap. 

Bepxune COM TIMHHCTEIX ClaHues cBuTH! Maranycka Anscku, mouTu BCA 
‘cepua XeroHali AnoHuM ONHOBOSpaCTHbI BePXHECeCHOHCKOM aBaJIKaslaHCKOli 
CepHi, 3aKaHUMBalolleH paspe3 Meda Hallero paliona wu oObeqMHAIONIeH Bece- 
JIOBCKYIO H MWJIJIaIBaiMCKylo0 cBuTbI. BecesoscKkan cButa (40 600—700 m) 
COKeHAa (HWKHAA NOACBUTa) WecuaHuKaMU, OObIUHO C TlayKOHHTOM H TpyO4a- 
-TbIMH CTH2KCHHAMH, H TOHKHMH MIPOCJIOAMH TJIMHMCTHIX aleBpomuToB. B ocHo- 
BaHHH BCIOLY MpocwexuBaloTcA MaJIOMOLWIHbIe KOHTIOMepaTbl. CBura Jerko 
y3HaeTCaA 10 IIPHCYTCTBHIO B ee CpesHeli YaCTH MaPKHPYIOWUX YCTPHUHBIX CIO- 
-€B, OTJEJIAIOMIUX CXOAHY!O MO CocTaBy BepXHio10 NogcBuTy. M3 ucKomaembix WIA 
“Hee XapaxkTepuHpi Astarte choiensis Liv., Trigonia subovalis Jimbo, Inoce- 
‘ramus cf. balticus Boéhm., I. kusiroensis Nag. et Mat., HoBbie Buybl ycTpHn, 
4 Mp. Pa3pe3 muwatIBadmckou cBuTbi (70 700 mM) HauMHaerca He MeHee Xapak- 
-TePHbIMH JIMHYNapyCOBbIMH CJIOAMH (HHXKHAA MOACBUTA), WIA KOTOPbIX OObIYHbI 
B leCuaHHKax H aJleBpOJIHTaX, MOWLHOCTHIO JO 210 M, KOHKpellHH C MacCOH pako- 
oOpa3sHbIx pogxa Linuparus. CpeqHaa noxcBura CO%KeHa NOJIMMHKTOBBIMH Iec- 
WaHHKaMH, TJIMHUCTbIMH aJleBPOJIMTaMH C p2KaBO-OyYPbIMH NecuaHO-rIMHUCTbIMH 
TIpOCJIOAMH, a BEPXHAA MOACBUTa COCTOHT W3 MaCCHBHbIX TY(POreHHbIX Mecua- 
HHMKOB, HepeIKO C ITwlayKOHHTOM HM XJIOPHTOBbIM WemMeHTOM. OpraHuueckHe 
OCTaTKH BCTpeveHb! M0 BCeH TOME MOpoy cBuTb: Meretrix (Aphrodina) tippana 
Conrad, Trigonia subovalis Jimbo, Pectunculus sachalinensis Yabe et Nag., 
Astarte choiensis Liv., Volsella (Brachydontes) cf. multilingera Meek, Tetra- 
gonites crassus Jim. u ap. B cmoax cpemueli u BepxHelH nogcBur B. H. Bepe- 
WarHH 10 HallumM cOopam ompegemua Pachydiscus neubergicus Hauer.— ru- 
MM4Hy!0 MaacTpuxTcKy!o (popmy mHorux crpau. IIpucytcrBue 3fecb xe Trigo- 
nia, Astarte, Pectunculus u ap. QO02xKHO ObIIO ObI yKa3bIBaTb (1% 14 29 29,27) 
Ha Ce@HOMAHCKHH BO8paCT BMelllatOulIMX MOpoOk, Kak 9TO YTBeEPAMJOCh MIA 
alinycckoH Tou CaxaluHa uM TpHrOHHeBbIX WecuaHuKOB XOKKaito. OfHako 
B JleHCTBUTCJIbHOCTH MepeyHCJIeEHHbIe (POPMbI ABJIAIOTCA, HECOMHEHHO, BepXHe- 
CeHOHCKMMH, TaK KaK OHH IIPHYPOUeHbI K HaHOOee BLICOKUM CJIOAM aBaJlKaJlaH- 
CKOH CepMuH BepxHero MewJia ceBepo-3anafqHOH KamuaTkH HM BCTpeyeHb! BMeCcTe 
€ XapaKkTePpHbIMH KaMMaH-MaaCTPpUXTCKHMH aMMOHHTaMH HM HHOWepaMaMH. 
B sTou CBA3M aBaJIKaaHCckoH cepuu Ha CaxasiuHe C OO/IbIUMM OCHOBaHHeM Oy qeT 
COOTBETCTBOBaTh «BEPXHHH KOMMJIeKC» OpPOYeHCKOH TOIL WIM CakyTaHCKas 
H KalixoHcKad CBUTbI, HeKeIH «TPHrOHHeBad 30Ha» (aliHyccKaA TOWLLLa), pa 
MCKOMaeMbIX KOTOPOMi BCTPeUeH H B BbICOKHX CJIOAX MeJIa OYXTbI YTOMbHOH (KOPAK- 
cKaa CBuTAa)(‘). 4 

IIpo61ema BbI_eeHuA WaTCKOrO Apyca WIA paHOHOB CeBepo-3allatHOU Kam- 
yaTKH MOKa OCTaeTCA OTKPbITOM, Tak KaK COOTBETCTBYIOWMX OOpasoBaHHH Ha 
ONMCbIBaemOli MlouayH He OOHapyxXeHO. PasmuuHble CBUTbI Mea B OacceHHe 
p. OcrM4HHHBaAM HeCOrlacHO MepeKPbIBaIOTCA MPAMO TPeCTHYHBIMH OTJIO2KE- 
HuamMH, a Ha MameruHvHCKOM MOJIyOCTpoBe ZOWeHOBbIe YIvIeHOCHbIe H MOPCKHe 
MOpOAb! C YIVIOBbIM HeCcOriacHeM 3aJleraloT axe Ha BePXHeIOPCKUX — HH2KHE- 
M@JIOBbIX TOVJIIINaX. 
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Cxema ConocTaBJIeHHA MeJIOBbIX OTJIO2%KeHHH CeBepo-3anaqHOH KamuatTK 
HW COMpeseIbHbIX OGNacTeli TuxookeaHcKoro nobepexbA MpHBeseHa B TaOu. 1. 
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Koppeasumonnas Ta6mua MetOBBIX OTAOXKeHH HeKOTOPHIX CTPaH ceBepHoll uacTH THXOOKeaNCKOrO MOGepexbs 


Oe Be > a Se 


Cepepo-sanaqnasi 


OSujan wKana : 
KamuatKa 


Sanaquas KamuatKa 
(aw. Omron, 
m. BaGyurkHn) 


Baccefin p. Anaguipb 
nu Gyxta yrombHan 


CaxaJnu 


Sino 


Aussicka 


Tpennangqun * 


TMaunuii 
a . 
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tf | = | c Trigonia subovalis, = a 
s = | kusiroensis, Pachydiscus 
¥ 2 neubergicus u Jp. 
= |- Beceaosckas canta ¢ As- |- — — — — > 
x tarte choiensis. Trigonia 29 
cs subovalis, I. kusiroensis, Hpyxeiickas 
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=| = | cus Naumanni H Ap. 
2 | 
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S|=x a “ —2% a 
SS Crow 2a. I 
&| ¥ Tlenxuuckas cautac |. famnarekis ot 
a] = hobetsensis, I. iburiensis,| Ravite ap. 
= i. lamarcki var., I. gib- | « ; 
berosus, Scaphites pseu- | 5 
doaequalis, Scalarites, | & 
Puzosia 4 Ap. S 
|—— 3 
Koxrtomepat ee a ee 
S) 
= a — = = 
= = ? 
S . o) ? 
=m 
> 
= 2 
i —-—- = 
= MameTuHHCKast CBHTA C i Cnou cl. 
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Jloknanmn Akanemun HaykK CCCP 
1958. Tom 120, Ni 3 


TPEOJOLPHA 


Nl. A. MOTHEBCKAA u M. B. APLLEBA 


K XAPAKTEPHCTHKE OTJIOKEHHH BALIKUPCKOFO APYCA 
SAMAMHOPO NPOJOJDKEHHA JOHEWKOFO BACCEMHA 
NO ®AYHE ®OPAMUHH®EP 


(IIpedcmasaeno axademuxom H. C. Mlamexum 25 I 1958) 


OruoxkeHnsa OallikupcKoro Apyca, BCKDbITbIe B MOCEHHe Fob! Oy pOBbIMH pa- 
OoTaMH pas IMUHBIX TeoMOrMyeckUX OpraHusalluit Ha TeppuTOpUH 3anatHorompo- 
Jomkenua JlonOacca*, 3aneraior TpaHcrpeccHBHO Ha Pa3MbITOH MoBepXHOCTH 
HH 2KHEHaMIOPCKHX H BEPXHEBH3eCHCKUX OTJOXeHHH HHKHErO KapOona. B ocnoga- 
Huu UX B Hoso-Mockosckom u IlerpuKoBcKom pa3pesax HaGwOJaloTCA poco“ 
TaJIeUHHKOB. 

| JIuromorMueckH 9Ta TONIMAa MmpercraBsaer coGol uvepeqoBanue MecuaHHKOB, 
| AJIEBPOJIHTOB HW aprHJJIMTOB C MaJIOMOLI[HbIMH MPOCJIOAMH H3BeCTHAKOB HM yrvieli. 
Jia Beero paspe3a OaluKupcKoro apyca XapaKTepHO IIpucyTCTBHe MecTpouBer- 
-HbIX n0pod. B HuxKHeH MOOBHHe pas pesa MpeobsaaloT COMKEHHbIe U3BECTHAKH, 
—4acTO JOJIOMHTH3SHPOBaHHble HW NeCuaHHUCThle, a B BepXHeH — mecuaHO-rJIMHUCTHIe 
—OCaJIKH C JOBOJIBHO MOLHbIMH MpOCJIOAMH Necy aHHKOB (1030 mM). OOuaad MOLLHOCTb 
OTJIOXKeHHH OalkHpCcKOrO Apyca YMeHbllaeTca Cc BOCTOKa Ha 3amay. B paszpese 
c. BappapoBKu OHa cocTaBaAeT (CO CBHTOH C>) 750 M, B paspese c. IlerpuKos- 
KH — yxke 350 M, a B pa3pe3e c. LlapuuanKu TombKo 130 M. 

Han6oulee nosHbIM paspe3 OallikupcKoro aApyca HaGulofaeTca B palione Bap- 
BapoBKH. Ha ceBepHoM cKIOHe YKPaHHCKOFO KPHCTaJIMYeCKOrO MaCCHBa YaCTb 
W3Be€CTHAKOBbIX CJIOCB BbIKJIMHMBaeTcaA. Tosa ocaykKoB OalikupcKoro apyca 
Ne€peKPbIBaeTCA TpaHCrpecCHBHO MecuaHOrIMHHCTbIMH OTJIORKCHHAMH Tpemnola- 
Prae€MOroO MOCKOBCKOPO APYCa, WIM MeCTPOWUBeTHbIMH MOpoaMu MepMu H TpHaca. 
OcHoBaHHe TPHaCOBbIX CJIO€B COCTABJIAeT MOWIHbIM TaJleuHuK. 

Mmetourveca B JINTepaType WaHHble 10 cayHe (opamuHUNdep sTOK TeppuHTOpHA 
(7 *) HegqocraTouHb JIA COMOCTaBJIeHHA C MHJ@KCHPOBaHHbIMH CJIOAMH CBHT Oalll- 
Kupckoro spyca orKppiroro J[oHOacca. 

ABTopaMH JaHHOM CTaTbH, Ha OCHOBaHHH M3yYeHHOU (bayHbl cbopamuHudep 
paspesa Oallkupckoro sapyca 3anaqHoro mpoxouxKenua JfoHOacca, BbieueHo 
NATh MUKpOdayHUCTHYeCKUX TOPH3OHTOB, MpeCTaBJIAIOWHX COOOK mpesMoso- 
XKUTeJIbHbIe aHalorn cBuT C; — C3 orkppiroro Jlon6acca. I u I] ropusoxTe! co- 
OTBETCTBY!IOT HWKHeOalIKUpcKOMy Toybapycy (cBuTbI Cy, C3); III, IV, V— 
BepxHeOallKupckomy noxbapycy (cBura C3; Hu3bi C3; Bepxu C) — nuspt C2). 

Hmxe mpupoyutcs dbayHucTMueckaH XapakTepHCTHKa YKa3aHHbIX TOPH- 
3OHTOB. 


HuxHeOamKkKupckuHH NOAbApPye 


IlepBuli ropu3o0HT, pacipocrpaHeHHbli B paioue BapBapoBKy, 
Hoxso-Mockoscka H COMOCTaBJIAeMbIM C BEPXHeli MOJIOBHHOM CBUTDI C? Tlou6acca, 
BKIOUaeT UeTbIPe H3BECTHAKOBHIX CJIOA — MpeAMOsaraeMbIxX aHaJIOrOB U3BeCcT- 
uakob Es, Eg, Es, Eg orkppiroro JonOacca. MouHocrb 3Toro TOpH30HTAa B pa3- 
pese Bapsaposku jocturaer 170M, a B paspese Hopo-Mockoscka, Tre OH per 


3 
CTaBJIeH OJHHM H3BeCTHAKOM E3, Bcero 80 M. 


* Paiionpt c. Bappaposku, r. Hopo-Mockoscka, cc. IlerpHkoBkH u Llapnuanku J[Henponer- 


popckoH o6.7. 
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Vissectuak E,; pacnomoxen B 55 m Bbillle BepxHero H3BECTHAKAa CBUTHI Cy. 
cjlerka leCuaHHCTbIt, eTpHTYCOBbIi C rayKOHHTOM. Cofxep2xkuT THApakTHHH Me 
nogopocam Donezella u wemHorouncienHbie dopamunudeppi: Archaediscuy 
brazhnikovae Kir., Arch. baschkiricus Krest. et Theod., Arch. donetzianul) 
Sosn., MeIKHe 90lITadpenbt us rpynnbt Eostaffella postmosquensis Kir. 
Eost. varvarienis Brazhn. et Pot., Eost. pseudostruvei Raus. et Bel. mumieperp 
Jbl, eluHuunble Pseudostaffella sp. 

Or cbaynbl usBectuaka E, Kampmuyccxoro paspesa JfonOacca OTM aeTCsp 
HaIMuHeM rceBlowradie, KOTOPble OTMeualoTcCHA HB usBecTHAKe E; Kpacuo) 
apmelickoro paliona. 

Vssecruak E, 3ameraet B 10—17 m Bpille ugBecTtHaka E,;; WuaMMOBO-JleTpH: 
TYCOBbIli, WIM MMKPO3epHUCThIi, MeCTaMH TeCuaHHCTbIK. CoqepxKUT BOOPOCI 
Donezella, u3 bopamuHudep IpucyTCTBYIOT AMMOJMCKYCHI, AMMOBEPTEJVJIbI, PPyI- 
na Endothyra bradyi, Archaediscus krestovnikovi, Arch. angulatus 
Te K€ B OCHOBHOM, 4TO HW B M3BecCTHAKe Es rpynmbl 90UITapdes, a Takx*et 
Eostafella exilis Grozd. et Leb., Eost. cf. paraprotvae Raus. u Pseudostaffella 
ex gr. antiqua (Dutk.). K dayne @opamunudep usBectruska Es Kabmuycckora 
pa3pe3a 3TOT KOMIMIeKC 61H30K NO HalM4YHIO MceBsOUITappen. | 

Vispectuak Eg pacnomoxen B 40m Bblille u3BecTHAKA Es; eTpHTYCOBbIM WI 
JIOHEWeIJIOBO-eTPHTYCOBbIM, CerKa NecuaHucThIn. XapakTepH3yercaA OO/bIUUM 
pasHooOpasuem tbopamunndep (Hyperamminasp., Tolypammina sp., Globiva-+ 
lvulina sp., Climacammina sp., Palaeotextularia sp. u 4p., pa3BHTHeM yIWIOMeH ~ 
HbIX apxeyuckycop (TumuuHb! Archaediscus postrugosus Reitl.), Hasmuune 
Eosatffella pseudostruvei var. angusta Kir., Eost. (Seminovella) carbonicag 
Grozd. et Leb., Eost. (Millerella) ex gr. elegantula Raus, Pseudostaffella sp.) 


Vspecruak E 3aeraer Bbillie no paspesy Ha paccrosnnu 60—70 mor u3 
BecTHaAKa Eg; eTpHTYCOBbIM, UWWIaMMOBO-JeTPHTYCOBbIH, HHOTa MHK PO3€PH By 
CTbIMt C MHOPOUHCJICHHbIMM PHAPaKTHHUAMH HM BOROpocaamu Donezella. Komnueked 
copamuHHdep 2TOrO M3BeCTHAKA B OCHOBHOM aHaJlorMyeH ayHe H3BeCTHAKA 
Eg. 3yecb Goubilee pasBuTHe UMeIOT MCeBROWITapperbl —rpynny Pseudostafie- 
lla antiqua (noapaatorea Ps. antiqua var. randis Schlyk., Ps. cf. compressa) 
Raus.), 90lradebl c OKpyruiol Mepudepueli (Eostaffella ex gr. protvae Raus., 
Eost. (Millerella) ex gr. umbilicata Kir.), a rakxe oTmeyatoTca Op2TuHHEI. 


Kak culelyeT 43 IpHBeeHHbIX CNHCKOB (bopamuHHdep | ropH30HTa, OCHOBHOH | 
yepTOH ero bayHbl ABJIACTCA OTCYTCTBHE THMMYHbIX HH2KHEKAMCHHOYTOJIbHBIX | 
(bopM, 3HAUMTeIbHOe pasBUTHeE TIceBgoWTadbeim uv TeKctyiapuuy. Tlocnex-) 
HA OCOOeHHOCT (payHb! | ropu30HTa OTMYAaeT Ce OT OUeHb GOJIH3KOM (bayHbl OJHO- 


UMCHHBIX H3BCCTHAKOB CBHTHI C; paliona pp. Kampmuyca u Kppinxu. | 

Bropouw ropHu30OH8T BCKpbiTB paspesax BapBapospku, Hopo-Mocxkos- 
cka, Ilerpuxosku, Llapuuanxu. Mouryoctb ero kome6erca or 40 yo 100 m. 
HanOoablaa MOUIHOCTh HaOsIofaeTca Ha ceBepo-BocToKe (c. BapsBaposKa’., 


re OH COWepXKUT VeTHIPe H3BECTHAKA, BOSMOXHbIe aHaloru F,, Fy, Fe, Fs Jlou- 
Oacca; K 3aMajly OHA YMeHblUlaeTCA H B pa3spe3e COXPaHAeTCA TOKO Ba 
U3BECTHAKOBBHIX MIpOCJIOA, COMOCTABJAIOULMXCA C H3BeCTHAKAaMH F, u Fe JlonGacca. 


Vspectuak F, 3aneraer B 15—37 m Bolle nsBecTuaka Es; cbaluanbHo pa3su4- 
HbIM; B paspe3ax BapBapoBKH MUKPO3ePHHCTHIM HJM WJIaMMOBbIM; 3anaqHee, 
B Hoso-Mocxoscxe, Ilerpuxkopke vu Llapuuanke, OH W1aMMOBO-JleTPHTYCOBbI HI 
ReTPHTYCOBbIM, YaCTO NepeKPHCTaJIJIH3OBaHHbIM C 3epHaMu KBaptta. ComepxuT 
QOBOJIbHO MHOFO ru{pakTHHHH, BogopoceH Donezella u OnusKuli K cBuTe CS 


KOMIIeKC (bopamMuHudep, B COCTaBe KOTOPOrO NOABIAIOTCA equHNUHbIe Oza- 
wainella sp. u mpucytcrByer rpynma Pseudostafella antiqua Dutk. Or zoHeu- 
KOPO usBecTHAKa Fy ormMuaerca HECKObKO Gosee OOubHOM dayHoh copamu- 
Hudep. 

Viszecruax F) pacnomoxen Bbilte u3BecTHaka F, na 12—14 M; J€TPUTYCOBO- 
AOHELCIIOBLIM C OOWIbHbIMA THApaKTHHHAMH; cooOuiecTBO dopamuHudbep 
aHaJIOrHuHO TaKOBOMy 3BeCTHHKa Fy 4M xapakTepu3yerca mpeobuaja- 
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MeM TWlaNKUX, TOHKOCTCHHbIX M perkKe UWIMMOBAaTbIX apxenucKycos (Archaediscus 
gus Pot., Arch, brazhnikovae Kir., Arch. postmoelleri Pot., Arch. timanicus 
eitl. u ap.), MoaBeHHem e2MHMUHDIX HOBe, Bua Ozawainella umbonata 


razhn. et Pot. Ormuuaerca or ayn! H3BecTHAKa F} orkpsitoro Jlon6acca nos1B- 
eHHeEM HOBEJII. 


Vissectuak Fe 3aneraer Bbiltie usBpectHaka F; B 12—33 m; joneremnoBo- 
STPHTYCOBLIM, UWIaMMOBO-JleTpHTYCOBbI, B paspe3ax Ilerpnkosxkn, LapwuanKu 
EMHOrO NeCuaHHCTHIH C TlayKOHHTOM, H3PeKa JOHEMEJIOBbII, C OOHIbHbIMU 
ApakTHHuAMH. Kommviekc cbopamunudep paccmaTpuBaemoro u3BeCTHAKA, TPH 


SIEM CXOJICTBe C H3BecTHAKOM F, u Fj, ormmuaerca Oonee pasHoobpasHoit’1 6o- 
aTOH (ayHOll HM NOABJICHHeEM MepBLIX MPHMHTHBHIX npodysynunen (Profu- 
ilinella staffelaeformis Kir.), equnuunbix 2H20THpaHe, BuL0B Novella ex gr. 
rimitiva Raus., Ozawainella rauserae Brazhn., a TakxKe MaCCOBbIMH ICeBJO- 
Irapdeamu rpyunbt Pseudostaffella antiqua; o6pbruHbI 3yecb TeKCTYJIA PHU! 

Op9HHHHbI, MHOPOUHCJICHHbIe apXeMHCKyCcbl HW 30llITaddebl, mocweqHue 
aOulioqaioTca HOra B CKOMMeHHaAX. Dayna oTmuyaetca OT (ayHbl u3Be- 
rHaka Fe J[onOacca noABseHHeM Mpody3yiHHeII Hj Oomee 3HATHTebHbIM 
asBUTHeM TICeBOWTappe. 


Vspectuak Fz pacnomoxen B 27—30 M Bblllie u3BecTHAKa Fe; 2oHelLe1I0B0- 
eETPHTYCOBbIN MepeKPHCTAaJIIH30BaHHbIM, MHOFa NecuaHHCThI, Cc PHApakTHHH- 
mu. CoctaB tbopamuHudep aHasornyueH (hayHe u3BecTHAKa F;, HO OTMUAaeTCA 
@OIEM H€CKOJIbKO 6olee OOCJHEHHbIM KOMIVJICKCOM O3aBaHHeJJI, NOABJICHHEM 
uta Pseudostaffella ex gr. praegorski Raus., 6oee uacTbIMH KHJICBAaTbIMH 90- 
ITaddes1aMu. 


BepxHeOawmKupcKuHH NOAbaApye 


Han6oulee NOHbIM paspes BepXHeOalIKHPCKUX OTJIO%KeHHM BCKPbIT B palione 
}APBapOBKH (MOIMHOCTb OKOIO 490 m) u TerpuKosKn (momHocTb 280 m); co- 
pauenHblit paspe3 (rompKo III ropusonT) Ha6mogaetcx B Hoso-MockoscKe 
moujHoctb 80—100m) u IlapuyanKe (65—70 m). 

Tpetuh TOpu3OHT, WHpOKO pacnpocTpaHeHHbI, COfepxKUT Ba 
CTOMUMBHIX B Paspe3e H3BECTHAKOBbHIX MPOCJIOA, MpPeMNOMOXRUTEIbHO COOTBET- 
TBY!OWUX H3sBecTHAKaM G, u Ge orkppiroro JJon6acca. Momwocrb ropu- 
OHTa H3MeHAetTcA OT 70 Wo 150 M, c 3amaya Ha BOCTOK. 

Vispecruak G, pacnojoxeH B 21—38 M Bbillle 10 paspe3y, Haj M3BeCTHAKOM 
72; JIETPHTYCOBbIM usu cbopamMHudepoBo-eTpuTYCOBbIM, MOHEL{eIOBO-WeTpH- 
YCOBbIH, C MlayKOHHTOM MW OOHJIbHBIMH THpakTHHUuAMM. OTAMYMTebHOH OCO- 
CHHOCTbIO accollvallun dopaMHHH@ep JaHHOrO M3BeCTHAKA ABJIACTCA PaSBUTHE 
| MOUTH MOCTOAHHOe MIpUCyTCTBHe BepeTeHooOpasHElx mpodPysyrunen (Profu- 
ulinella primitiva Sosn., Pr. oblongata Pot.) copmecrHo c KOpoTKO Bepe- 
exooOpa3sHpimu (Profusulinella parva (Lee et Chen), Pr. elliptica Pot:) 
| opumutupubimn Pr. staffellaeformis Kir. Smecb moxABaaloTCA TepBbie 
JMHUUHbIe WyOepTelbI, Oomee MOMOZOTO OGUuKAa NceBLOWITAapPPpes 1b (Pseudo- 
taffella aff. gorskyi (Dutk.), Ps. ex. gr. subquadrata Grozd. et Leb.), pasio- 
Opasuell HOBesIbI, O3aBanHembI (Novella ex gr. tenuissima Man., Ozawainel- 
a cf. rhombiformis Man., Oz.alchevskiensis Pot.). Coo6mectBo memKux opa- 
funudep avaslorM4yHo cbayHe BbILMeOMMCaHHbIX HSBECTHAKOB, 3 apxXeMCKYCOB 
[peoOlaqaroT yromenHble Popmbi Tuna Archaediscus subcylindricus Brazhn. et 
ot., Arch. longus Pot. u yp. Or foHeuKkoro usBecTHAKAa Gy OTMMUAeTCA 6omee 
joraToH dayHoh mpody3yinHein, mcepzowrappein HM NOABIeCHHeEM TepBbIXx 
yOepTew. 

Vspectuak Ge 3ameraet B 23—24 m Bblllle no paspe3y, Hal H3BeECTHAKOM Gi; 
ObIUHO TOHKO3E€PHHCTHI, WwiaMMOBbIH,  perke  lWIaMMOBO-eTPHTYCOBbIM 
WIM  JeTpHTyCOBbIi Cc TvlayKOHHTOM, HepeKH THpakTHHHH, Done- 
ella. B mozowpBe JaHHOrO U3BECTHAKAa NOCTOAHHO IIPHCYTCTBYCT MPOCJIOH YA. 
Dopamunudepbl NOA0OHbI (ayHe U3BeCTHAKA Gi, HO OTMMUAaIOTCA OOWIHEM JMCKO- 
MIHEIX CYSYHHWIML; MHOPOUMCIEHHbI HOBEMJIbI, YACTbI KHJICBATbIe H C2KATHIC 
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20uITaeibl; CpeqH HOBeI MosBJsloTca HOBbIe BuAbI Novella evoluta Gro 
et Leb:, N. pulchra Pot., u3 s0urracbdben oco6enHo TunuuHbI Eostaffella co 
ressa Brazhn., Eost. ex gr. dolixa Man., Eost. (Seminovella) carbonica Gro 
et Leb.; xapaxTepubi Takxe Ozawainella cf. convexa Pot., Oz. aff. digita 
Man., conyrterpyior Profusulinella cf. staffellaeformis Kir., Pr. elliptica Poi 
MOUTH OTCYTCTBYIOT OP3AHHHbI, TEKCTYJIAPHUAbI. OrsMuaeTca OT PayHbl H3BeC 
Haka Ge Jlon6acca 6oulee GoraToH PayHOH, OCOOeCHHO HOBEJLI. 

YerpepTulh Tropu3 OHT BbifemAercA JIHb B paltone BapBapoBKH 
IlerpHkOBKH; OH BKJOUaeT OHH H3BeCTHAKOBbIM MpOcIOH, YCJIOBHO COT 
CTaBISIOWMHCA C OJHHM 3 H3BeCTHAKOB B Upememax TomuH Hi— Ha. Mor 
HOCTb JaHHOFO FOpH30HTa KoeOsetca OT 1OO—120 mM. 

Uspecruak, OTHOCAMHHCA kK TOMMe Hi— Ha, 3saneraer Ha paccroaHun 106- 
147 m Bblllie H3BeCTHAKAa G2; MAKPO3ePHHCTHIM WIM WWIaMMOBbIH, ClerKa JOJIOM! 
TH3HPOBaHHbIi, u3speKa JOHeleJIOBbIN. Komnsiekc opamMuHHdep XapakTep? 
3yeTCaA BeCbMa OO€HEHHbIM BHJOBbIM COCTABOM: IIPHCYTCTBYIOT e€AHHHUHbIe TP 
OepHTHHI, SHAOTHPHI, apxeguckychi, Eostaffella kashirica Raus., Ozawainel!| 
ex gr. umbonata Brazhn. et Pot. Cxyqupiit xapaktep cbayHb! dopamunudep | 
BMelaloulH ee THI H3BeCTHAKA OObIGHbI JI HH30B CBHTbI C3 OOHa*KeHHOL 


Jlon6acca. 

Ila rok ropu3so0uHT Takxe pacmpocrpanen, Kak u IV, B paltione Ba} 
BapoBKH H [lerpHkKOBKH; B HeM BbIJeJIAeTCH OAMH H3BECTHAKOBbIM MpOcJOH, ce 
NOCTAaBAIONMCA MpeNOMOXKUTeIbHO C OMHHM 3 usBecTHAKOB TOMMH Hs-4 
I; Jlon6acca. MomHoctTh Bcero ropH30HTa H3MeHAeTCH B Mpezetax 160—220 

M3pecTHak, OTHECeHHbIM kK TOME Hs— Ig, pacnomoxKeu Bille M0 paspesy 
paccrosuuu 97—115 Mm; feTpurycoBbit, clerKa nMeCuaHHCTbIM Cc rlayKOHHTO 
WJIH JOHEMeJIOBO-JeTPHTYCOBbIN, HepeqKO OHeleJIOBbI4. B cooOujecTBe 
pamuundep NosBJIAIOTCA Oouee BLICOKOCHeMMasIM3HPOBaHHble (pPOpMbI H3 MCceBs 
luTapPpe, O8aBAHHEI, Mpopy3yAuHeI, uCuesaIoT Z0lITadpesb Cc OKPyrK 
nepudepnei, yMeHbllaeTca KOHueCTBO apxequckycoB. BowbuiMHcTBo :y3yuJi 
HH NaHHOrO W3BeCTHAKA XapaKTePHO JIA OTJO%KeHHH BepXOB CBUTHI C3 co 
cTBeHHO JJonOacca; HeKOTOpble u3 Hux (Ozawainella pararhomboidalis Man 
Profusulinella rhomboides (Lee et Chen)) oco6exHo THIMYHDI AIX USBeECTHAK 
Hin I, pan apyrux Bugos uz rpynn Pseudostaffella gorskyi, Ps. confusa, Ps 


tingi NoABJseTCA B Bepxax CBUTbI C3 wiH usBecTHAKe I, CBUTHI C4 uv oOplueH Jui 


OTJIOXKeHHH MOCKOBCKOrO apyca. Mexyy Tem B pacCMaTpHBaeMOM FOPH3OHTe ely 
JOBOJIbHO PasHOOOpa3SHbl aPX€MHCKYCbI, XAPAKTePHbie B TaKOM %e accoluallys 
He BbIlue H3BecTHAKA I; /loH6acca, aB Gouee BbICOKUX CJIOAX OHH MOUTH CELHHHYHh 
Kak culeqyer W3 BbIllempHBexeHHOrO, nocMoiHOe H3yueHHe MHKpOdayHa 
OalKMPCKHX OTJOXKeHHH NOATBEPAKAaeT Hae B palione 3anaworo npoyos 
x*xeHuA JJonOacca HenOuHOrO paspesa OauikupcKoro apyca. B Hem OTCyTCTBY10) 
aHajlOrd HWKHEH MOJIOBMHbI CBUTHI Cs, a TAK2KE OTJOXKEH HA MOJIOXKE HWKHEH YacT} 
cBurbl C4. Ha Janno Teppuropun HaOmomaerca pesKOe COKpallleHHe MOWIHOCT 
Bcero pa3pe3a OallikupcKoro apyca or 2000 m B orKpbitom JJoHOacce, yo 350 
B paloue IlerpuKopKu. 
@ayna Popamunucep o6acru 3anayqHoro mposomxKenua Jlon6acca, HeCMOTDP 
Ha 3Ha4HTeJIbHOe CXONCTBO C (bayHOK OalikupcKoro apyca coOcTBeHHO JlonOac: 
Ca, MMeeT HeKOTOPHIe CylecTBeHHble OTAMGUA. YeranHaBUBaerca Oovee paHHee’ 
4eM B OTKpbITOM JfouOacce, nMoaBJeHHe B paspese pala BUAOB H posoB tbopamuHH’ 
ep, 4TO, 10-BAAMMOMY, CBA3aHO C H3MeHeHHeM YCOBHA OOuTaHMA u3y4eHHO! 
cpayHbI BCeAcTBHe O1M30CTH Oepera mops. | 
Wucrutyt reomormyeckux HayK Ilocrynuso 
Axajemun Hayk YCCP , 23 I 1958 | 
YkpauucKoe reomoruyeckoe Yupapmenne 
UHMTHPOBAHHAA JIMTEPATYPA 


‘A. E. Atzeusepr, H. E. Bpaxuuxkosa, Teon. x A | 

: a) oa Se f . xypH. AH YPCP, 16) s. 

ces “A.T.Ctykaao, B. H.C top noso if, Cos. reon. céopx. 46 (1955). 311. J 
yabra,A.W. Tamnmaxa,Teon. »*xypH. AH YPCP, 16, B. 4 (1956). 
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FEOAOLH A 


B. H. CJIABHH 
© FOPCKOM TIPEJIKAPIIATO-OBPYJDKHHCKOM KPAEBOM [IPOPHBE 
(ITpedcmasaeno axademuxom H. C. Ilamcxum 14 IX 1957) 


Pycckaa muraTopma Ha loro-3alage rpanuuut c [Ipeqkapmarckum kKpaeBbim 
mporH6om aJIbIMHCKOrO Bospacra. IIporu6 sror, Kak M3BeCTHO, Ha MeplijMaHe 
26° MoBOpauHBaer COBMECTHO CO CKJaquaTbIM coopyxxexuem Kapnar x ory, 
yWaAACb OT MaTPOpMbI. 

Alo mocieqHero BpeMeHH CUHTaOCb, UTO BOCTOUHEe STOFO OTUeCHEHHA TIpo- 
ruOa Pycckan miatdopmMa rpaHwuvT HeMmocpeCTBeHHO C Me3030HCKUM CKJaq- 
‘YaTbIM coopyx*keHiem JloOpy2KH WH YTO 34eCb MexAy muatpopmol u Jo6pyaz- 
Keli pacnolaraercA lMaseos0HCKO-Me3030HCKOe OCHOBaHHe, NorpeOeHHoe MOL 
HeoreHosolt [IpuyepHomopcKol BnaquHoH (°). 

_ 8B nocaequne rofbl Oypexuem B toxHOH MonqaBuu OblM BCKPbITbI — nox 
HeEOreHOM HM YaCTHYHO MeJIOM — MOLIHble OTJIOXKCHHA IOPHI, BHIMOJHAIOMMe T1y60- 
Ku porno, mpociexuBaeMbld BUOb PpoHuTa cksaqoK CepepHok o6pymxu (3). 
CymMapHad MOUIHOCTb IOPCKHX OTJOXKeHHH B3TOM Mporn6e mpesplitaer 3500 m. 

Tloq Heorenom IIpeaqxapmatckoro nporuOa Takxe ObluIH BCTpeyeHbI B 6ypo- 
BbIX CKBa2KHHAX MOLIHDbIe IOPCKHe OTJIOXRCHHA, MOJIHOCTbIO MepeOyPUTb KOTOPbIe 
noKa ellie He yJasocb. Takum OOpa30M, BAOJIb Kpad PycckoH nmarcdopmbl or 
UepHoro mops JO rpaHuupi c [lobe B CeBepo-3anaqHOM HalpaBJIeHHu Mpo- 
CI@KUBAeTCA Y3KHH, HO rlyOOKHH MporHyTbId KpaeBoH Mmporv6 ropcKoro Bpe- 
MeHH. 

Uupuua uporu6a B Monyasun yocruraer 100 xm, nepex Kapmatamu Ha 
wupotre JIbpopa 60—80 km. Ha tepputopuu Pympinnu Ha Mepuyquane r. Uep- 
HOBILbI IporH6 cuJibHO cyxaerca. [Oro-3alaqHyi0 rpaHully ero MpOCeMWTb OYeHb 
TpYAHO, TaK KaK OHA B CeBepo-3allaqHbIX YaCTAX MePeKPbITa He TOMbKO OYCHb 
MOLJHbIMH OTJIOXKCHHAMM MHOIleHa, HO HW CTpykTypamu Kapmat, HaqBHHYyTbIMH 
3ecb Ha UpeqKapmarcku nporno. B MoujfaBun 97a Ppanulla Oolee OTYeTIMBA, 
HO HM 3J}eCb, MO-BHAMMOMY, OHA JOJIKHA MPOBOAUTbCA MO KpaeBbIMH CTPyK- 
Typamu Jlo6pymku, Takxke HaJBHHYTbIMM B CeBepHOM HallpaBJeHHun. 

CepepHaad rpaHulla mporuOa mpoBosMTCA Tam, rye CYMMapHble MOII[HOCTH 
JOPbl COKPalialoTcaA JO HEMHOTHX J[eCATKOB METPOB WJM UCYe3aIOT COBePINeHHO, 
T. €. OHA MpoxoguT or ycrba J[Hectpa, toxwKHee KuuieneBa, Ha Kaylani, B Ho- 
mune Cepera H Jasee Ha UepHosupl wu Fopogenky. Samaqnee cepepHyt0 rpanHuily 
mporHOa mpoBectu TpyHO, TaK KaK OHa CJIMBaeTCA 3]eCb C }OPCKUM MporHOom 
JIbBOBCKOH MYVJIbIbI. 

lOpcekuli KpaeBot nporu6 sasOxKMICA B 8HAYMTebHOM uacTH Ha PyHamMente 
Pycckxoi mulardopmbl H YaCTHYHO Ha MaJsleO30HCKOM OCHOBaHHH, BCJeACTBHe 
yero HOX 1OPCKMMH OTJOXKCHHAMH Ha CeBepO-3allaqHOM KPblle MporMOa BCKPbI- 
BaIOTCA CJlaOOMeTaMOpOH3OBaHHble MOposbl KeMOpoculypa (Ha 1oro-BOCTOKe 
s Mosapuu) HW Mopogxb! eBoHa u KapOoua (Ha CeBepo-sallaye) B MaTpopMeH- 
HbIx (paiuax. [log 1oxKHbIM KpblIom mpornOa B MonjaBun BCTpeueHbl CHJIbHO 
mepemaTble u MeTramopdH30BaHHble MOposbl BepxHero MaJleo30d — TPHacbl 
ToOpyxkunckoro Tua. PyHaMeHT 10xKHOFO KpblJla B IIpeqkapnatTbe moka 
ele He BCKpbIT. OceBadt 30Ha MporMOa, XapakTepuSylollaica MaKCHMaJIbHbIMH 
MOUHOCTAMH IOPCKHX OTMOXeHHH, NpMypoueHa, NO BCeH BePOATHOCTH, K Tpa- 
Hue PycckoH muardopmMbl H repWHHuA,— kK 30He TOTO ruIlyOHMHHOrO pa3JIoMa 
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(kpaeBoro IBa), KOTOPBIM 3eCb pasrpaHuunBaeT STH TeKTOHMUeCKHe OOaCTH- 
Tlo mepe JBW2KEHHA OT KpaeBbIxX YacTeli MporuOa K erO WeHTPy MOUMHOCTH IOp™) 
CKUX MOpOk pesKO BOspacTawoT, HU paspes CTAHOBUTCA Ooslee MOJHbIM. 

Tax, B [IpequoOpyKuHcKo uacTu mporHOa HanOovlee MOWHbIH paspes UMe~ 
erca B pafione Bourpagza, Bomrapwiku 4 T. M.; HavHHaeTCA Paspes 3SIeCb» 
c BepxHero Jleliaca, MpeMCTaBeHHOrO TeMHO-CePbIMH H3BECTKOBBIMM aPT Hui H- 
TaMU C PeKMMM MpOCAMH MWeCuaHHKOB HM aJleBPOJITOB. B aprusimuTax BcTpe- 
yeupr: Posidonia buchi Roem., P. cf. ornata Quenst., Ludwigia cf. obtusa) 
Quenst., Phyllocerus sp. ex gr., Ph. zignodianum Orb. (onpeqeaeHue aBTOpa),, 
a TakiKe sefacoBblii KoOmmleKc (bopamunudep. MomHocTh 9THX OTJOACHHH| 
mocruraer 350 M, UpwueM HHXHHE TOPHZOHTHI paspesa IOP! OKasa/IHCb CULE 
He BCKPbITbIMH. OTJOX%KeHUA CpesHeH IOpbl PaciIpocTpaneHbl lupe (omucaHne UX | 
mpuBoyurca m0 (*)). 

Ornoxenua Oalioca Ha sleliace pacmodlaraioTcaA 6e3 BHAMMOTO HeCOrlacnA:: 
IpeycTraBeHb! OHH MOUHOK Tome (ZO 1300 M) ruIMH, aprHJJIMTOB HU aleBpo- 
JIMTOB C PeXKHMH MPOCJOAMH WeCuaHHKOB, JOJIOMHATOB WM H3BeECTHAKOB. B ce-} 
BePHbIX WacTAxX MporvOa BCTPeveHb! TOMbKO BepxHeEOaHOCcKNe OTJOAKCHHA! 
mouHocTbio oT 5 no 145 m. Ormoxenua Oata 6omee pasHooOpasHEl. TnHHuCTHIM| 
THM pagspesa COXPpaHWICH TOAbKO Ha loro-sallaye, B ByIKaHellTcKOM paiione;, 
Ha Joro-BocToKe, BocTouHee Boarpaya, OaT MpeskcTaBsIeH TeMHO-CepbIMH TIOT-/ 
HbIMH KPHCTaJJIMYeCCKUMH H3BCCTHAKAMU HM MepreJIAMH C NPOCJOAMH TIM. Ha} 
cepepHoM Kpbiie, B KanrasckKOM paoHe, Ppa3BHTbI NeCuaHukU Ui aJIeBPOJIHTEI. | 
MouHoctb 6aTCKHX OTJO2XKeHUH Ha wore KOeOMeETCA OT 570 yo 670 mM, a Ha ce) 
Bepe — or 230 yo 330M. 

BepxHelopcKhe OTJIOMKEHUA PaSBUTbI TIaBHbIM OOPas0M Ha CEBEPHOM KPbIJe 
BUaMMHbI; B OTHE OT Oosee [PeEBHUX, B HUX MpeoO/lafaor KapOonaTHble MO-) 
PONbI: JWI KeNOBeA XapaKTePHbI Cepble M KOPWUHEBATbIe, Me€CTaMH OKPeM-} 
HeJIble U3BeECTHAKH C MPOCJIOAMH TIHH MU aJleBPOJIHTOB, MOUWHOCTbIO 375—200 M 
Ha wore u 150—80 M Ha ceBepe. 

B ocHOBaHHH KeJJIOBeA Ha IOFO-BOCTOKe BCTPeyeHb! SPy3uBbI, B OKCHOpAe 
Mi KUMepH2Ke BCTpevalorcs MeMTOMOpdHbIe (BHH3Y), OPraHOreHHO-OO.IOMOUHEIe, 
OOJIHTOBbIe WH TMCeBAOOHTOBbIe (BBEPXY) H3BeECTHAKH, JOJIOMHTbI HM JOJIOMHTH-} 
3HpOBaHHble W3BeCTHAKH (MpecOmafaioT Ha sanaye). Mompoctb oxccopsckux 
OTJOKeHHH Ha lore KoueOsetca oT 830 no 30 M, Ha CeBepo-3alage MocTuraert 
500 m. MourHocth KHMepuyRKCKUX OTJORKeHHH KOMeOeTcH OT 50 Qo 150 M. 

SakaHuNBaerca pa3pe3 1Opbl aHTMAPHTO-rHMcoBOi M MecTpouBerHor mec-, 
YaHO-PIMHHCTOH TOMeH, YCOBHO OTHeceHHOH I]. C. CyxapeBuuem K THTOHY-. 
B paiione Buummesku B STON TOILE MOABJIAIOTCA KOHTIOMepaTbI. Ha ceBepHom 
KPblule THTOHCKaN (?) TOMA HHOrAa JexKUT HEMOCpeACTBeHHO Ha Cusype. Morr | 
HOCTb ee H3MeHAeTCA B Mpememax oT 90 no 365 m. Mrax, cymMapHast MOMIHOCTE 
IOPCKOTO pa3spe3a u3MeHHeTCA OT 2 WoO 3,5 THIC. M. | 

Pa3pe3 IOpbl, BbIMOJHAOMeH MpelKapMaTcKylo YacTb NpornOa, MMeeT MHOTC! 
oOulero C TOJIbKO UTO OMMCAHHbIM KaK NO XapaKTepy pacipeseseHHA MOLLHO-: 
cTelH, Tak H no cballuam. 3yecb NO Kpato NpornOa pa3sBUTbl, CYA MO ecTeCTBeH-} 
HbIM OOHAKCHHAM, TOJIbKO MaJIOMOLMLHbI€ H3BECTHAKOBO-JOJIOMHTOBbIe OTJIO2Ke-) 
HHA C KOHIIOMepaTaMH B OCHOBaHHH, OTHOCHMble Ha OCHOBaHHH OoraToH da- 
YHbI K OKC(pOpACKOMY, KHMe€PHJVKCKOMY H HH2KHEBOKCKOMY spycam. Vs3Be-' 
CTHAKH MpeCTaBJIeHbI OOJIOMOUHO-OpraHOreHHbIMH, OOJIHTOBbIMH HM TMICeBO- 
OOJIHTOBbIMH PasHOCTAMH, BIOJIHE CXOJHbIMH C OTJIORKeHHAMH OKCCOpla — KH- 
MepHJDKa MOJIaBcKOh uacru Mporuba. IIpu npuO.uxKeHuM K LeHTpasIbHbIM Ua- 
CTAM WporMOa KapOoHaTHad TOJIMa, COXpaHAA CBOH MuTOMOTHYeCKHH OG6MK, 
MOCTeMeHHO YBEJIMUHBaeTCA B MOLWLHOCTH: B CKBaxkuHax y )Kypapuo u Tanuua 
OHa npeppiuaet 100 M, B CKBaxkHHe PyyKu Jocturaer 300 M, a B Crppie mpeBbi- 
maet 350 m. Hwxe sto KapOonaTHol (6yKOBHUHCKOM) CBUTHI pacmousaraerca 
raJloreHHasd CBUTa (paBa-pycCKax) JOJIOMUTOB, THICOB HW aHrupHTOB, cosep- 
*Kalllad MPOCON YePHbIX [IMH, aJICBPOJIMTOB H TlecCuaHHKOB, OCOOeHHO MHOFoO- 
4YHCJICHHBIX B HHYKHHX YaCTAX CBUTHI. Bo3pact 3THX NOPOR Ha OCHOBaHUM (ayHbl 
(bopamunudep: Frondicularia sp., Spirillina aff. biedermanni Kib., 
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Spirophthalmidium aff. saggitum Byn. u neneuunog: Modiola cf. tulipaea 
Lam., Pecten cf. lens. Sow. ONPeWeIAeTCA KaK KeJVJIOBEHCKHI, HO BO3MOXxKHO 
170 HWKHHE YaCTH CBUTbI COOTBETCTBYIOT OaTy. Ira cBuTa OTUeTIUBO BbIpPaxkena 
3 KpaeBbIX WaCTAX BUAaMHHbI, Tle €€ MOMLHOCTH u3MepseTCA HeCKOJbKUMH qe- 
-ATKAMM METPOB, a TakxKe B JIbBOBCKOM Mysibye. B WeHTPaJIbHbIX UaCTAX Bra- 
2s Braumup=Bonsncn wi 
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Mc. 1. Cxema pacnouioxeHua BepxHemaeo30lHcKHxX HW Me30301iCKUX IIporMOoB B Wwro-3anaqHoli 

actu Pyccxoli naatpopmpr. / — 3anaqHEi KoutTyp IlpusepHomopcKoro memoBoro mporuéa, 

_— W30JIMHHH MoIHOcTelH Mea (mo JI. Il. Hatizuny) B JIbBopckom mMesozom mporn6e, 3 — u30- 

MH MOUlHOcTeH ropEl B Il[penqmo6pymxuHcKoM (A), I[peakapnatckom (5) u JlbBoscKom (B) 

)PCKUX Mporu6ax, 4 — ycnoBpHaa rpaHuua JIbBOBCKOM KaMeHHOYrOJIbHOH CHHeKN3bI, 5 — rpa- 

una Pyccxol muatpopmpl, 6 — MHA pasioma, orpaHuuMBatoulan c tora IIpenqoOpyKuMHCKHH 
mporu6 


WMHbI OHA CKBa2KHHaMH MOJIHOCTbIO He Mpolena, ee BHHMaA MOLLHOCTb JO- 
Turaet 280 m (Yrepcke) u axe 400 mM. Huxe sT0H CBUTbI B KpaeBbIX YaCTAX 
MajiuHbl UB JIbBOBCKOM MYJIbAe Pa3BUTbl KPaCHOIMBeTHble HW YIJICHOCHbIe KOH- 
HHeHTaJIbHbIe H JaryHHble OTJOKeHHA JeHaca HM Oaloca, KOTOPbIM B IleH- 
PaJIbHbIX YaCTAX BMaMHbI BUOMHE MOFYT COOTBETCTBOBaTb MOPCKHE OTO7KeHHA, 
HaJIOrHuHble MpeLOOpyA2KUHCKOK uacTH mporHOa. Takum oOpasom, B IIpeg- 
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KapMaTCKOH acTH porH6a MOMHOCTb TOJIbKO BeEPXHelOPCKUX OTJOKeHH 
(1a MU TO, MOXeT ObITb, HE NOMHOCTHIO BCKPbITHIX) NpeBbiiwaer 800 m. Onpexennt 
HCTHHHY!0 MOU[HOCTb IOPbl, a CJI@OBAaTeJIbHO, HW CTeNeHb MporHOaHuA NOKa H 
MIpeACTAaBACTCA BO3MO2XKHbIM HE TOJIbKO FeOJOrHyeCKHMH, HO HW reo*usHyecKuM 
MeTOJl4MH, TaK KaK PpaHUlla IOpbI uM Ooee ApeBHUX OTIOMKeHHM HE OTOMBaeTCs 
lOpckuit nporu6 6pil aCHMMeTPHUeH: CeBeEPpHOe KPbIIO ero Oowee Nooroe, a 10% 
Hoe Oomee KpyTOe H, MO-BHAMMOMY, OCJIO%KHeHHOe COpocamu. B HacrTosire 
BpPeMA IOpCKHH MporHO npocsexKeH Ha paccrosHuH cBpllue 1000 km. Ha BoctoxKé 
BoOmu3H UepHoro mops”, HameyaeTca ero 3aMbikKaHve. B BepxHem TeyeHuu CEé 
peta OCb nporH6a BO3AbIMaslacb, HO B CBA3H CO CTYMeHYAaTbIMH COpocaMH, UMeK 
INMMUCA, TO reodu3sH4yeCKHM JaHHbIM, Ha NpaBoOeperxbe Cepeta, 1opcKue 07 
JIOKCHHA 3eCb OMYULCHbI Ha OObLUIy10 ray6uny. Hauunaa c Kocopa Ha ceBepc 
3allaf, OCb mporHOa BHOBb Morpy2Kaerca, JOCTHrad MaKCHMYMa B_ palo 
Crpbila, a MOXKeT ObITb, CeBepO-3alaHee eFo. 

Mrak, 43 Bcero CKa3aHHoro cyenyetT, uro Kapnaro-Jlo6pyaxKuHckul Kpae 
BOM I1porHuO mpexcTaBAeT COGOH MOM[HOe COOPy2xKeHHe PeruOHaJIbHOrO MOPAKéE 
Takoe coopy2keHve MOrIO BO3HHKHYTb TOJIbKO Tepe KaKHM-TO BO3JIbIMaK 
UJMMCA 1Oro-BocTOUHee TporHOa MOJIOAbIM CKJIaquaTbIm CoopyxeHHem. TakoBbl| 
COOpyxXeHHeM ABIAeTCA NO34HeErepUWHCKaA TpHacoBadA CkKJaquaTaA cucTe 
o6pyyxu. Cyaa mo mporu6y, 9TO cKJaquaToe CoopyxKeHve MpoTaArHBao 
JaJlekO B CeBepo-sallaqHOM HallpaBJIeHHM M PacMOwaraJOCb Ha MeCTe COBpeMes 
HOrO BHeWHerO aHTHKIMHOpuA Kapnar. | 

IOpcxuli nporu6 sapoqMicA B KOHIe Tpuaca WIM B Hayase seitaca. Maxci 
MaJIbHOe MporHOaHve OH HCMbITHIBaJ B CPeqHeIOpCKOe BpemMaA (MOLIHOCT cpe, 
Hel 1oppt B MowyaBun cBpiie 1800 m.). Sarem, oveBHHO, MpoHCxoua Moc 
neHHad MHIpalluA OCH MpornOa B CeBepHOM HallpaBJIeHHM, H K KOHILY 1Opbl mp4 
rvOaHve 3aKOHUMNIOChb. SHayeHue u3yyeHua Kapnato-Jlo6pyqxHHCKOrO mp 
ru0a BeIMKO Kak B TCOPeTHYCCKOM OTHOWEHHH, AIA MOSHAHUA HCTOPHU pa3sE 
THA OO/AaCTH, Tak HM B MpaKTHYeCKOM OTHOLICHHH, TaK KaK C OTJIO2%KeCHHAMH 9TO! 
mporvOa MOoryT ObITb CBA3aHb!I OMTYMbI, MPHPOAHbIe Ta3bl, COM. 


Mockosckui rocyyapcrseHHbiit yHuBepcurer Tloerynuso 
um. M. B. Jlomonocosa 14 IX 1957 


UHMTHPOBAHHAS JIMTEPATYPA 


‘YW. 0. opmteftu, Bons. MOWNM, orn. reom., Ne 6 (1952). 2M.B.Mypate | 
Textouuxa CCCP, 2, 1949. %M. II. Cyxapesuu4, Has. AH CCCP, cep. reom., Ne 
(1956). *H. C. Warexui, Wss. AH CCCP, cep. reon., Ne 1 (1946). 
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MHHEPAJIOFHA 


4. M. XAJIV®A-3A]/E 


K BOTIPOCY OB YCJIOBHAX OBPA3SOBAHHS PJIMHHCTbIX 
MUHEPAJIOB FOPbI FOrO-BOCTOWUHOrO KABKA3A 


| (IIpedcmasaeno axademuxom H. M. Cmpaxoeoim 23 X 1957) 


| B npesbiqyuei padore* Hamu MpeqioxKeHa reneruuecKkad WMarpamnMa Pvu- 
HHCTbIX MHHepaJIOB OCaJOUHbIX TVIMHMCTbIX NMOPOM, a Tak2xKe pacCMOTPeHbI B 
OOWHX “epTaX HX TeHe3sHc H pacmpocrpaHeHue B CBA3H C BbI-BHraeMbIMU 
1. M. Crpaxoppim (') THNamM OcazouHoro mpotecca u tbopmauni ocalouHDIX 
nopor. 

_ JiwarpammMa mpefcTaBiaer CoO6oH MpxAMOYrOJIbHBIi TpeyroubHUK, Ha Bep- 
IUMHaX KOTOPOFO MOMEeLIeHbI Me2XKCIOHHbI€ KATHOHDI, a Tak2Ke cojlepxanne Al** 
wu Si*” B KPeMHeEKHCJOPOAHbIX TeTpazqpax CJIOMCTbIX FHAPOCHINKATOB. 

B ocHoBy NpeWvioxwKeHHOH HaMH TeHeTHYeCKOH AHarpaMMbl WOMO*KeHO KOUIN- 

ueCTBEHHOe H3MeHeHHe R+, (OH3)+ B MexkMakKeTHOM MpocrpaHcrTBe H, CoorTBerT- 
CTBeHHO, Bapvallun Al*+, Si*+ B yerBepHOoH KOOpsMHalMH. 
_ MaxkcuMasibHoe U3MeHeHHe BeJIMUHH YKa3aHHbIX KaTHOHOB B Mpeselax OL- 
Horo atoma coorsercrByer 100% Ha Quarpamme. TpeyrovibHHK, B 3aBHCHMOCTH 
OT CTayMHHOrO H3MeHEHHA CJIOHCTHIX MHHePaJIOB, BbIPaxKeHHOFO B UX PHpata- 
IMM JIMOO B OMpeesIeHHOM KOJIHYeCTBEHHOM BBbIHOCe H IIPHBHOCe JaHHbIxX Ka- 
THOHOB, pa3zeleH Ha 11 nome, COOTBeTCTBYION[HX OMpeeJICHHbIM TJIMHHCTbIM 
MHHepalaM WIM WX MexCJIOHHOH cmMecu. Ha BeplimMHax TpeyroJibHuKa MoMme- 
ICHbI KOHCYHbIe MPOLYKTbI BLIBETPHBaHHA — MOHTMOPHJIVJIOHUT, KaOJIMHHT, CJIIO- 
[bi. B WaHHO paOoTe MbI CjleJlaJIM MOMbITKY C NOMOMIbIO YKa3aHHOK WwarpaMMbl 
BbIACHHTb M€XaHH3M OOPa30BaHHA PJIMHMCTbIX MHHEepPaJOB IOPb! 1OrO-BOCTOYHOTO 
KaBka3a. ; 

Taunucrble moposbi 1opbt woro-BocrouHoro KaBka3a HW HaXxOJAUHeCA B HUX 
OpraHvyeckHe BellleCTBa HaMH H3yUaJIHCb B TeyeHHe pAJa JeT C MOMOLIbIO KOM- 
Miekca meToyos. Pe3ybTarbl 3THX paOor yacrM4yHO onyOmuKOBaHI (!~°). 

UccneqoBaHuble TIMHbI CJIO%KeHbI B OCHOBHOM THApociosaMu pa3JiMyHOu 
cTeneHH H3MeHeHHOCTH. 

Kpucrasoxumuyeckue (popMYJIbl THAPOCJION, MOMyYeHHbIe B pesy/IbTaTe 
mepecueta xumuueckoro coctaBa dpakiun < 0001 mM u3 pa3JIM4HbIX paliOHOB 
pacipocTpaHeHHA opbl woro-BocTouHoro KasBKasa (cM. puc. 1), mpuBoqarca 
B TaOm. 1. Kak Buguo u3 Taba. 1, OOJbIUMHCTBO THAPOCJIOL CHJIbBHO H3MeHEHbI 
B pesyubTaTre 3amemenua K+ mo cxeme R+ < (OHs)* (B HekoTopbix oOpasilax 
nouTrn 80—90% K+ 3amemleHoO rHApOOKCOHHeM); OTMeuaeTCA Tak?Ke CHJIbHaH 
BapHallHA KaTHOHOB B KPCMHEKHCJIOPOAHIX Terpasfqpax. OfHako M3 9THX 
KPHCTaJJIOXHMMYeCKUX (POpMyJI He ACHO, M0 KaKOMY THY BbIBeTpHBaHHA (KU- 
CJIOMY HJIH UeIOUHOMY) MpOWCXOAHT H3MeHeHHe THApOCMIOA; K TOMY %Ke OUCH 
TPYMHO CYMUTb, K KaKOMY IVIMHHCTOMY MMHepaJly OTHOCHTCA Ta WIM WHAaA Kpu- 
cTaJIOXuMuyecKad PopMy.Ja. 

Jl BbIACHeCHHA 9THX BOMPOCOB MbI HaHeCJIM WaHHble XMMMYCCKU HCCJELO- 
BaHHbIX OOpasllOB Ha WuarpamMy c yyeTom cosepxanHua K* a (OH3)+ B MexK- 
MakerHOM mpocrpancrBe u u3meHeHua Al**, Si** B yerBepHOH KOOpAMHAllHH. 
Kpucraiioxumuyeckue aHHble THAPOCJOL Mbl HanecuM Ha AMarpaMMy, Py- 
KOBOJCTBYACb CJICLYIOULHM. 

Ecn Komuuectso** atomos Al%* B uerBepHoli KoopyuHalMn Oobie 50%, 
TO KOuIMuUecTBO aroMoB (OHs3)* OTKJafbiBaeTCH Ha aOcuucce, a cOojlep»kaHHe 
Sit Ha KpeMHeKHCAOpOMHIX TeTpasy[pax — Ha OpfMHaTe; B TeX KE CiyYaAX, 
Kora MpeoOayaet KomMyecTBO Si*” B YeTBeEPHOHM KOOPAMHAIIMM, COAeprkaHHe 


* MarepHaJIbl COBeMIaHHA MO MCCeAOBaHHIO U Ycnob30BaHHIO TVIMH (Maw—wioHb 1957 r. 


r. JIbBoB). 
** MakcHMauibHoe 3aMellleHue MOxKeT ObITh TOMbKO B NpefsedaxX OAHOrO aTOMA. 
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Ta6unna 1 
Kpnctaoxumuueckne (opMy Jbl THAPOCJOA opel 1oro- -pocTtounoro Kaska3a 


. + Bp3+ 
Arayait [Nap oak, ae o3 (HsO)o 39 ]1,03 (Mg 0,278 & es 16 ©0375 41 28) 2,08 | 
16 (OH)ol Alp g5Ss,4¢010] 0,23H20 
29 [Nap eK, Sa oa (HsO)Io, 3 (ies Rey sey a5 |) 10 )1,90 
(OH)e[ Aly 29Sig,g9s 2] 0:35H20 
TPuaprunyai [Nap 16K 29Co, 056 (HsO)p 61 ]1,19 (M8, 1 Oo: "5th, 371,91 
50 (OH), 69 [Alp «Sig go010] 0,36H20 
Tionex [Ko 26No, sg 93 (Hs9)o,63]1,02 (Meg Ree Eres 98\1) 36 )2,08 
33 (OH), [Aly 74Sig 9010] “0,57 H20 
Yrax [Nap oro, - 03 (Hs0)p 78 ]1, oe ( (Mg i ioak eo ce! Con Al, 37)2,20 
66 (OH), [Aly 97Sig, 45010] -0,248 H20 
Kpispiruati [Ko,o63%,033°% 114 (HO) 0,88] 1,093 (Mg, 7Fes$sA1, 26)0,107 
42 (OH), [Aly gSig, gg 010] 0,226 H2O 
UaranxyKualt [Ko Nao oe oe o6l1,o8 (M8, iaRtey 3k 0,564 11 58) 2,35 
38 (OH)s [Aly 15Sig,e5 O10] “0,204 Hy0 
Babauatt [Kp 2p ,06 (Hs) 28]1,04 (M80, oe pei ee oie ie 82) 2,05 
50 (OH) [Aly g7Sig,gg10] -0,175 HO 


BepxHewpckue rHApOcAWAH 


BaOauali [Ko 2No, a 05 (HsO)p gsl1,01 (Al, ples ro oa ona) aes 
56 (OH)s [Alp ogSig, 75 Ot0] 0,140 H2O 
TbKkumuyali [(Na, K)p 4g©o,98 (HsO)o o5]0,99 (ME%, agrees aly 95)2,04 
4 (OH)s [Alp ggSig,qg010] 0,85 H20 
Yrax [Nap + o,95C40,02 (89) og]o,97 (Mo, sce aeen ile 4)2,09 
9 (OH): [AlgSig O19] 0,43 HO 


| 
(OH;)* orkmaqpipaeTca Ha OpauHate, a KowMuecTBO Al** B KpeMHeKHCOpor- 
HbIX TeTpasqpax—ua a6cuucce. B cuyyae nonaqaHuaA TOYeK 3a MNpesevJIbI 
mowlei fMarpaMMbl OTMeyaeTCaA MX MpoekWMa Ha OM KaliMe NOMA. Ecam KOuH- | 
yectBo Al®* npeo6maqaeT B UYeTBeEPHOH KOOPAHHAaHH, TO MpoeKIMH TOUeK 
MepeHocuTcaA B OulMKalilee MOE MO BePTHKaJIbHOH JIMHMH, a ECM NpeoOsazaeT | 
Si** — m0 TOpv30HTaJIbHOM JIMHMH. | 
.B WeIOM uarpaMMa H MOpATOK NOJb30BaHHA e€10 OCHOBaHbI Ha 3aMeLLeHHH 
—.(OH;)* 8B XII koopgzunanuu u Al®*Z*Si* B uerBepHoH. | 
eee oe CX€MbI H3OMOPQH3Ma, Ha Halll BSA, COCTaBJIAIOT OCHOBY — 
reHe3HCa PIMHUCTbIX MHHepasIOB OCANOUHBIX PIMHHCTbIX MOpO HM HX MeKCJON- | 
HbIX Cmeceli. OHakO HallpaBJIeHHe, H3OMOPPHOrO 3aMellCHHA, BepHee, B aH- 
HOM cJlyuae, CTauMHOrTO W3MeCHEHHA CJIOMCTHIX THAPOCHIMKAaTOB, olpeye-_ 
asetca (palluei HW YCIOBHAMM CpeJbl, T. €. THOM OCaqoUHOrO Mpolecca u dop- 
Malle OcayOuHbIxX Mopon (’). 

AvasIM3 }OPCKHX OTJIOMKeHHH Ha OCHOBaHHH BbIJeICHHA JIMTOreHeTHUeCKUX 
THNOB NOpok NoOKa3adl, YTO OHH OOPa380BaJIMCb B M@JIKOBOJHOM OaccelHe H B 
(PHUHaIbHOM OTHOWeEHHH MpHHaWexKaT K PasJIMYHbIM YYaCTKaM KOHTHHEHTAaJIb- 
HOrO cKOHa Wembda. Ilo ayrureHHbIM MHHepadlaM *Kedesa HW pacipesesenuto 
Copr yeTaHoBseHo (°), YTO BO BPeMA HaKOMIeHHA CpeqHeIOpCKUX MOpor B OOsNa- 
CTAX JeHYaWHH HW Ha BOMOCOOPHHIX MIOWAaAX CYLIECTBOBAaJ BulaxKHbIM, ry- 
MHAHBIK KIMMaT. Pedbed) KOHTHHEHTA ObIJI CHJIbHO PaCUJICHeH HM MOKPbIT rycTok 
PacTuTembHOcTHIO. HaunHad C BePpXHeH IOPbl NPOMCXOAUT apHAMsalluA KMMaTa 
WH MeHemienusaluA pesbeda. B THTOHCKOe BPeMA CYLeCTBOBa XapakTepHblit 
aPHHbIN KJIMMaT. 


Takoe peskoe w3MeHeHHe KJIMMaTHMuecKOH u cbusuKO-reorpatuyecKoi 06- 
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«Mepe6equnr 


TaHOBKM, BepHee, THNa OCaqouHOrO mMpouecca B CpesHeli u BepxHeli lope 
OXKMIO ACHbI OTMeYAaTOK Ha PIMHUCTbIC MHHEepauibl. 


TD 
il 


tl 


Alt 


Anenun 


eKoisoin- Bypy 
*Caafau a 


« 
° 
= 
=) 
wo 


| 


etOxapbl-ObinAbiran 


Gy 
ro) 
E 


a2.bexumdae 
TasaKeng 


Hd= 


uc. 1. CxemMa pacmoJloxKeHNA MYHKTOB MCceLOBaHHA aprusJIMTOB opp! woro-BocrouHoro Kas- 
caza. 1 — Araya, 2 — luaprunuait, 3 — Dionex, 4 — Yrax, 5— Koi3nrauait, 6 — Ucrucynepe, 
7 — J>xumuuait, 8 — UaramxyKuat, 9 — Ba6auait 


+) a. +4 
(H30)3q,Siy Monmopunnonum 


Ss) +2 5%3 5 
MSS E (R’PR),_ (CH), [8i,0,9)-hH,0 
Sg @ Gabavad 
@ Lphumuyad 
SR ° YaedOHyk Yad 
cay o Memutyoepu 
i 9 Kolaolyall 
SS © MUbeUunyad 
o /7A/EX 
QW, SR 2a Amayad 
| © BepxHervopekue EMU 
a 'Os 
QR 
a 
R8 
28 
cnrodey | aia (H,O)gn, Aly A 
+4, +2 +3 a BUX, ALY] GOST HUT) 
iR (RR SiALO (0H), 00 9 GC 0 W 0H W@W 8 A 0 
GR), ntl ](OH), 2 0 0 0 0 0 a mM 109  Ns(OHp[Su0] 
J 66 pons 55 g 


yc. 2. PeHeTuuecKkad AHarpaMMa PIMHUCTHIX MHHepaJOB iOpbl wro-BOCTOYHOrO Kapkasa. | — 
MO, 2 — cMio{bI-MAUT (rHApomMyckoBuT, ruypoOuoruT), S— uinur?, 4— MAMT-KaOMMHUT 
MoHOTepMHT), 5— KaOMMHUT-HINuT (seBepbepuT), 6— KaouMHHT, 7— CHOJbI-MIAMT (rMpo- 
YCKOBUT, ruspoOuorut), 8 —unnur?, 9— n1IMT-MoATMOpHAMONMT (GpaBausuT), 10— MoHTMO- 


PHJJIOHUT-MINUMT (OelperuT), 


11 — montmopnaionuT 


Ha puc. 2 w306paxKeHbl KpHcTaorpatuyeckHe MaHHble MO TuApocdiozam 
H3 TJIMHHCTbIX MOpOA pa3suMUHbIX paHOHOB H ApPyCOB IOpCKOH CHCTeMbI 10Fo- 


BocrouHoro KasKa3a. Kak BHAHO H3 pHc. 2, OOJbLIMHCTBO TOYeK pacnoJOx*Ku- 
NOCb Ha JiMarpaMMe Ha mowAX 3, 4, 8, YTO cooTBeTCTBYeT pa3JIMYHbIM pasHOCTAM 


PHL POCJION H UX CMeLMLeHHO-C JIOMCTbIM MOJHpuKaliaM. 
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| 

Emme pavee Hamu OblIO YCTaHOBeHO, UTO TIMHUCTbIC MHHEPaJIbl MOPCKUXs 
TYMHJHbIX (opMallH MpecTaBJIeHb! B OCHOBHOM THJ{pocdiofamMu pa3sJIMyHOW 
cTeneHH u3meHeHHocTu. TlomoxeHve TO“eK Ha AMarpaMMe MOATBeEpKaeT sry, 
MbICJIb. OgHako HapsAyy C 3THM HEKOTOPble TOUKH NOMaH Ha TOMA, OJIN KH 
K KaOJIMHUTY HM MOHTMOPHJIJIOHUTY; QJIX MOPCKHX TYMHJHbIX OTJIOXKeCHHH Tako 
V3MCHCHHe CJIOHCTHIX THAPOCHIMKaTOB He XapaKTepHO. QTO, MO0-BuAMMOMYy, 
CBAZAHO C CO3JaBIUeHCA JIOKaIbHOM KUCION WIM MeOUHOH CpesOH B WJIOBbIX4 
pacTBopax pw JjMarenese TOHKOpa3ApoONeHHOrO MaTepuasa. He uckstouenay 
BOSMOXKHOCTb CYI€CTBOBAaHHA Ha KOHTMHEHTe€ KHCJIOrO THNa BbIBeETPHBaHHA,. 
Tem Oolee UTO KJIMMaTHUeCKHe YCJIOBHA OJlaPONPUATCTBOBaIH TOMY. 

VWrak, Kak ABCTBYeT H3 J\MarpaMMbl, HECMOTPA Ha “WaCTHUHOe OTKJIOHEHH 
H3MCHCHHA CpeHeIOpCKHX THAPOCMIOX OT YCTaHOBJIGHHOM 3aKOHOMePHOCTH: 
B CTOPOHY MOHTMOPHJJIOHHTa WIM KaOJIMHHTa, yKa8aHHble TOUKH B OCHOBHOM 
nonatu Ha OA, XapakTepH3yrollue pa3sHUHbIe MOAMMUuKalNN TuApocsioL. 

Peskoe u3mMeHeHHe (bu38uKO-reorpaduyeckoH OOCTaHOBKH BO BPeMA HakoOr- 
JIGHHA BePXHEIOPCKHX OCaNKOB ABHO CKa3aJIOCb WM Ha KPHCTaJJIOX4MMYeCKOM 
cocTaBe IvIMHHCTHIX MuHepasioB. Ha 9TO yKa3biBaeT TlOO*KeHHe TOYeK OOPa3- 
MOB THApocdOL, MpMHasiexkalux K TIMHaM BepxHet topbl. Boabumyctrso 
TOUeCK BePXHEIOPCKHX OOPaslloB Nona Ha NOMA 9 u JO, uTOHAarIAHO yKasbl~ 
BaeT Ha NOCTeNeHHOe IIpecOpasoBaHue FHAPOCION B CTOPOHY MOHTMOPHJIJIOHHTA., 

Takoe H3MeHeHHe THApOCcio, B CTOPOHY MOHTMOPHJJIOHHTa ABJAeTCA pe- 
3YJIbTATOM HeMOCPeACTBEHHOFO BOSJeHCTBUA Cpesbl CEMMMEHTAILMM VW WMarene3a 
TOHKOAMCHEPCHBIX OCaIKOB. B pesyJIbTaTe apuqusalluu KIMMaTa B BepXHelop-: 
CkOe BPpeMA MPHAOHHAA BOa UM WIOBbIe PaCTBOPbI OOalalH OoraTbim WjeOUHbIM 
PacTBOpoM, 4TO MOposusO ycrokunByto wenounyto cpeny. Ilpu taxol o6cra- 
HOBKe BCe FHPOCIIOAbI H BOSMOXHbIe Apyrue CIONCTbIe THAPOCHMHKATbI H3Me- 
HHJIMCb B CTOPOHY MOHTMOPHJJIOHHTAa. ITH PakTHI ele Pas NOTBep*KawT Hal 
BBIBOJbI O TOM, UTO PIMHUCTbIe MOPOMbI MOPCKHX aPHAHbIX POpMallHli B OCHOBHOM 
CJIOXKEHbI MOHTMOPHJJIOHHTOM H HX CMEI[CHHO-CJIOHCTHIMH Pa3HOCTAMH. 

BosmoxkHble OWWHOKH, KOTOpbI€ MOryT ObITb JOMYINeHbI pH MocTpoeHuH Te 
HeTHYeCKOH JMarpaMMbl H HaHeCeHHH Ha Hee KPHCTAaMJIOXAMHYeCKUX Tania 
CBASAHbI C ONpeeIeHveM Pa3JIMUHbIX THNOB BO H K* B cJIOMCTHIX THApOcHIH- 
KaTaX M, B OCOOeCHHOCTH, H3OMOpdHEIX 3amenjeHui Al’+ = Si*+ B yerBepHoiil 
KOOpAMHAalHH. 

IIpu cocraBleHuv JHarpamMMbl Mbl, KaK yKa3aHO Bbillle, HCXOMMIM U3 TOFO. 
4TO IPH CTaqMHHOM WSMeHEHHH CJIOMCTbIX MHHepasOB H30MOpiHOe 3aMellleHHe 
no cxeme R* = (OH)s3" 1ou2KHO BBISbIBaTh U3MeHEHHe B KPeCMHEKHCJOPOIHBIX! 
TeTpasipax m0 cxeme Al*+ = Si*+. B To 2xe Bpema UW. E. Bupep (*) axkcnepu- 
MCHTaJIbHO MOKa3aJl, UTO MYCKOBUT MOXKeT MepeXOAHTb B MOHTMOPHJIJIOHH? 
Oe3 MaJleHIerO W3MCHCHHA B KPCMHCKHCJIOPOHDIX TeTpasqpax. Ecau ucxo 
WUTb U3 yTBepxyenna YW. E. Bupepa o Tom, uTo KPeCMHEKHCJIOPOJHble COM Hed 
NOABEpralorcA KPHCTaJJIOXUMHYeCKOMY H3ME€HEHHIO IPH CTaMHHOM W3MeHeHHH 
COHCTHIX MHHEPaJIOB, TO TOra TPyAHO ceOe NpeACTaBUTh OOPas0BaHHe KaOH- 
HuTa MO cjOfaM. OkonuatebHoe pellleHue sToro Bompoca TpeOyer mocra 
HOBKH = (ONOJIHHTEJIBHBIX SKCI€PHMCHTAJIBHbIX HCCICNOBaHH Ha pa3/IMUHBIX! 
THMaxX CUO] WH THAPOCioL Mp pasJIMYHbIX 3sHayeHHAx pH cpegp. OnHaKo 
HeCMOTPA Ha YKa3aHHble HeEZOYeTLI, Ha JaHHOM 9Talle usy4ueHHuA MUHepasloruni 
MIMH MOXKHO, MOJIb8yYACb HallleH NHarpaMMOH, mpelcraBuTb ce6e HeKOTOpBIe! 
SJIEMCHTbI M€XAHH3Ma OOPa30BaHUs PIMHUCTHIX MMHepasJIOB pasJIMUHbIX alu .. 
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Jlokaanp Akanemun Hayr CCCP 
1958. Tom 120, Ni 3 


TET POD PA®H 


M. A. POMAHOBA 


PE3YJIbTATbI OIbITHOH AIPONETPOFPA®HYECKON ChEMKU 
COBPEMEHHbIX ITIECKOB CEBEPO-3ANAJHOTO MPHKACIINA 


(ITpedcmaeaexo axademuxom I. H. llep6axoeoim 30 I 1958) 


) B crarbe n3uiaraiorca pe3yJbTaTbl SKCNeCPHMeHTAaJIbHbIX MCCIeEIOBaHH m0" 
} OMmpeeyeHHio THNOBOrO MeTporpaduyeckoro cocTaBa COBPeMeCHHBIX TeCKOB: 
/C BO3lyxXa; OJHOBPe€Me€HHO YTOYHAIOTCA TpaHHIbl paCMpocrpaHeHHA OTCMbHDIX. 
THNOB NeCKOB Ha H3YY4eHHOH MIOWaqH, YTO HMeeT Naseoreorpaduyeckoe 3Ha- 
yenne. Ilonesppie pa6orbi mpopogquucb B aprycre 1957 r., maGopatopHan 06- 
paOoTKa — BO BTOpOH MOMOBHHe TOTO x%*e rosa. 

[Jpo6ema ueHTH*HKaUNN COCcTaBa TOPHBIX NMOpo Cc BOsAyxXa paspabaTbI- 
BaeTch Hamu c 1954 r. 3a ocHOBHOe CBOLicTBO, MocpescTBOM KOTOpPOrO oMpexe- 
JIA€TCA COCTAB NOPOIbl, B3ATa ee CNeKTPalbHad aApkoctb. I]peyqBapuTesbHble’ 
W3MEPCHHA CIe€KTPaJIbHOH APKOCTH HEKOTOPHIX OTMOKeHHH San. TypKmMeHHH: 
NOKa3aJIH, UTO OHA 34BHCHT OT THNOBOTO NeTporpaduyeckoro cocTaBa MOpospl. 
OTo NoKa3aHO WIA NecuaHukoB cpesHel opi (1), TeppurenHoro mea (°) u Waa 
MeCuaHO-3JICBPHTOBbIX OTJIOXKeHHH KPaCHOUBeTHOH Tom (°, *). 

Bo3MOXHOCTh H3M€PeHHA CHeKTPaJIbHOH APKOCTH MOPOAbI C BOsSLyXa Opla 
pellieHa KOHCTPpyHpoBaHHem ChelHaJIbHOrO NpHOopa—JIéTHOTO KMHOCMeKTporpata: 
(PUI-1). TexHuyeckuve ycoBua ero ObIIH 3alaHbl HaMH, ONTHYeCKad CHCTeMa 
mpHOopa paccuntana IO. IJ. Wlenerkuxypm. 

CkOHCTpyHpoBaHHbli cnekrporpad PLI-1 cocrour u3 yByx MapasesbHbIXx 
-ontTuueckux cuctem. Ileppaa cuctema — ciekTpaJbHam, Pe B KayecTBe JuCHep- 
rupyloulero YCTpOHCTBa HCHOb3yeTcA JudppakWUMOHHAaA PellleTKa THMa JIeleT 
c 600 WrpuxamMu Ha MHJVJIMMeTP, NO3BOJAIOWLaA NOJyYaTb CNeKTp B OOacTH 
‘WWiwH BowH oT 4957 no 6620 A. Yron 3peHua cuctTembi 2,5—3°, uro oGecneun- 
-BaeT (poTOMeTPpHpOBaHue Ha 3emue C BHICOTHI 20 mM yuacTKa pa3mepamnu 1,41 x 
< 1,09 m (npu wupuHe menu 193 un akcnosHuHH16 Kagp/cex). Bropas onruue- 
CKad CHCTeMa Ha3Hayaerca JA CbororpapupoBaHuA ucclexyemoro yuacTka. ITO 
HeOOXOAHMO JIA OW€HKH UHCTOTH! BbIXOa PoTOMeTpupyemon nopospl. M306pa- 
wKeHHe cCiekKTpa HW CheKTpodoTomerpupyemoro yuacTKka (uKCHpyerca OHO- 
BPe€MCHHO Ha Kajlpe KHHOMJIeCHKH, KOTOPad MepemellaeTca B POKaJIbHOM MJI0- 
CKOCTH CHCTeMbI C TOMOLIbIO OObINHOrO KUHHOalllapata (HaMH HCIOIb30BaH 
pyyHoH Bapuaut AKC-1). 

Jlid MpoBeyeHuA OMbITHOH aaponerporpaduyeckoH CbeMKH Obl BbIOpaH’ 
HOMMPOH Ha TeppuTOpuu ceBepo-BocTouHOrO IIpeqKaBKa3bA, Pe, CyAA NO JlM- 
TepaTYPHbIM JaHHbIM (*), Pa3sBHTbl pasHOTHMHbIe B MeTporpawyeckOM OTHO- 
IUCHHM BbIXOJbI WeCuaHbIX MACCHBOB. ONbITHbIM MOMHTOH OrpaHHYeH Ha BOCTOKE: 
KacnulickuMm mopem, Ha wre p. CywJak, Ha 3alaye MepHAHaHOM CJIMAHHA 
pp. Tepexa u Manxu, HaceBepe p. Kymoi. Yka3anubii MOMMTOH MpeACTaBJIAeT 
KOHKPeTHbIM TreomorMuecKuli HHTepec, TaK Kak YTOYHeHHe KOHTYPOB Paciipo- 
CTpaHeHHa B ero MpeseyiaxX MecKOB pasHOrO COCTaBa MO3BOJIMJIO MPOBepHTb. 
BbIBObI MpesWecTBYIOMMX HcceqoBaTeeli (*). 

3a nepHok CbeMKu MpodoTomerpupoBaHoO Hu oNpo6oBaHo 80 OObeKTOB, pac- 
NOJOXKeHHBIX Ha Momjayu 30 000 km? (puc. 1). [Ip mpousBoszcTBe Bos Ay WHOro: 
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- z } 
<poTOMeTPHPOBaHHA Obl HCHOJIb3OBaH CaMOJeT AK-12. JlérHpm Sees | 
KPeMIAJICA Ha TYPeIHB CpeAHeH wacTH JiOKa CaMOJeTa, OObeKTHBaMH BHHS. | 
ChemKa BbINOMHAacb Ha BEIcoTe 10—20 m. HanpaBaenne MouleTa ONpeAesA~ | 
JlOCb HallpaBJleHHeM BeTpa H PacnOJIOxKeHHeM TeHH, oTOpacbIBaeMOH CaMOJIETOM. f 
[Ipu nomerax Ha MaJIbIX BbICOTaX TeHb CaMomeTa YaCTO monawaerT Ha cboromer- 
PupyeMbIM yuacTOoK, 4TO, C OHO: CTOPOHDI, MelaeT CbeMKe, a C APpyTOH,— MO3- 
BOJIACT HCHOJb3OBaTb CC KaK CpeACTBO KOHTPOJA 1OCTHPOBKH ONTHYECKHX WacTeH 
<cnekTporpata. 


— — ==7765) 
—_~, 


MaxayKana 


Puc. 1. PacnonomweHue mpodboroMerpHpoBaHHbIX OOHaKeHHH MU THIMbI MeCKOB B 
mpejemax Cepepo-3anaguoro IIpukacnusa; @ — neck cyaKcKoro THMa, O— TeckH 
TepeuHoro THMa, 6 — NeCKH BOJUKCKOTO THIa, @ — MeCKH CMelIaHHOrO THMAa 


TIpomecc cbemKH HauWHaJICA WM 3akKaHUMBaJICA POTOMeETPHPOBaHHeM 93TaJO- | 
‘HOB, BbIIOJIHACMbIM Ha 3eMue, BOH3H HCCeyemoro OObeKTA, HW 3aKJIOUABLIMMCH 
B CbeMKe OapHTOBOH Oymaru (9TaTOHa) Yepe3 OCaOIAIOULMe JMadpparMbl (pub- 
Tpbl). OubTpbI Ob HSTOTOBJeHbI 43 POTOMMACTHHOK C PaSHOH CTeMeHbIO Mpo- 
ABJICHHA C eCHHHIama mioTHocTu: 0,30; 0,52; 0,61; 0,90; 1,00 u 1,55. 
PaBHOMepHOCTb MWIOTHOCTH HW e€e€ BeIHYHHA KOHTPOJIMPOBaJHCb MOBTOPHbIMH 
IpOMepaMH Ha eHcuTOMeTpe. Y KaxK Oro 43 BLIOPAaHHbIX JIA (OTOMeTPHpOBaHHA 
MaCCHBOB IIpOH3BOJMaCb NocadKa C Welbio OTOOpa OOpa3siia. CocraB oOpas3ita 
JWI CpaBHeHHA eFO CO CHeKTPabHOM APKOCTbIO MOPOb! U3y4aICA OObIMHbIMU 
merporpacdbwyecKHMH MmeTofamu. J[oKymMeHTallua yCIOBHH CbeMKM MpOHu3BOIH- 
Jlach Ha OopTy caMOvIeTa HM B MeCTaX TlocafKH WIA B3ATHA Mmpoo. 

SacHATad WIeHKa pH BOSBpalleHHH W3 MoseTa cpa3y x»%e OOpaOaTHIBalach 
(pH COOTBETCTBYIOUIEM CCHCHTOMETPHYCCKOM KOHTpoJe. CieKTPbI, MowyueHHble 
Ha KHHOIJIeHKe OT MPOPOTOMeTPHPOBaHHbIX OOHAKeHHM, H3MEPAIMCb Ha MUKPO- 
tboromerpe M®-4, IIpu arom u3 cepa CHMMKOB KaxKJoro OOHaxKeHUA BHIOUPa- 
JIOCb TPH HaMOoulee XaPpaKTePHbIX Kapa C UMCTHIM OAHOPOAHLIM coTOMerpupye- 


MBIM y¥acTKOM. CnekTp OObeKTa CPpaBHHBaJICA CO CIeKTPOM 93TaOHa, ccoTo- 
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Puc. 2. Kpuppie cneKTpaJIbHOrO OTPaxKeHHA MeckoB CyJaKckoro, TepeyHoro HM BOMKCKOrO 
Tunos. Undpsl! np KpuBerx coorsercrsyiot NoNe o6HaxKeHuit 


Ha puc. 2 npuBeleHbI KPHBbIe CN€KTPaJIbHOM APKOCTH JIA HCKOTOPHIX TH- 
MOB HCCJICNOBaHHbIX BbIXO0B ueckoB. Ilerporpaduyeckaa XapakTepucruKa 
THX MIeECKOB JlaHa B TaOw. |. CpaBHuBan NOJyYeHHble KPUBble Cc Nerporpado- 
MUHepasIOTH4YeCKHUM COCTaBOM OObEKTOB, MOXKHO YOeAHTbCH, UTO XapaKTep UX 
3ABMCHT OT COCTaBa lecKa. 

I. Tlecku u3 empret p. Cymax (puc. 2, /, 3 u 4), pa3BuTble Ha 10FO-BOCTOKe 
MIITHOTO MOMHrOHa, SoraTble O6JIOMKaMH OPO]  JIMMOHHTOM, MMeroT Ooslee HI 
MeHee MOJIOrMe KPHBbie CMe€KTPasIbHOM APKOCTH C OTHOCHTeIbHO HUSKHMH 3Ha- 
ieHuamu K o6bexta/K 3raoua. 

II. lOro-3anaq momuroHa 3aHHMaloT TeCKH, Ha3BaHHble HaMH TepeyHbIMU 
puc. 2, 55, 77 u 78). Oru mecku, OoraTble pomMOuyecKHMH MTMpoOKCeHaMH, 
MarHeETHTOM HM 9IMAOTOM, a TaK2xKe OOJIOMKaMH MOpod, HMeIOT Nosoro nopb- 
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Ta6auuna 1 | 


= 


of Coylepskanue xXapaKTepHbIX MHHepaJOB TaAKeNOH mpakuuH, % 
Se Tun 
aoe pomou4. 
a SiS pe les JIUMOHHT | HJIbMeCHHT | MarHeTHT QHPKOH | yypoKxcen rpaHat 
42s 
il T payBakku c O6J1I0OM- 78,0 Dee p. 3H.* 0,7 fA AA 
3 KaMM PJIMHMCTHIX 24,9 abe 7 p. 3H LORS: 4,3 6,4 
4 CAHILeB O79 2s Al p. 3H 32,0 (Qe 6,0: 
55 | Tpaypaxku c o6n0m-| 12,6 24 8,3 1,2 40,6 14,3) 
all Kamu acpdy3HBHbIx Vis P 28,9 PLE 4,6 10,4 Depa 
78 Topo, 18) Ze oil Ps 39) 435 16,6 26,9) 
79 16 DB) se) PAL i 3,8 Af 5) 20,3 
64 CyecTBeHHO KBap- Dai 06,6 3,10) Onn 0,4 8,9 
67 UeBbIe MeCKH Ales) Sle) 10,4 9,8 Bingfl 14,8 
80 p. 3H. 41,0 6,4 10,3 p. 3H. ANTE 


* DewKue 3HaKH. 


MalOLMeCH KDPHBbIe C YCTOMUMBLIM MaKCHMYMOM B OOs1acTH 6000—6200 
HM HeEKOTOPbIM MOHH2KeCHHEM B JVIMHHOBOJIHOBOH YaCTH CIeKTpa. 
III. Ha cepepo-Bocroke NomHroHa pacipocTpaHeHbl MNeCKH, BbIeJIAeMbi 
B rpynmy BoswKcKoro TuMa (puc. 2, 64, 67 u 80), OoraTbie KBaplleM, WHPKOHO!} 
H WJIbMeHHTOM. OHM MMEIOT Pe3KO OTIMUAIOMMHCA OT ABYX MpelbIymUux TUNOF 
XapaKTep KPHBbIX CI€KTPaJIbHOH ApKocTu. KpuBble KpyTO NOAbIMaIOTCA B WMay 
na3oHax 5100—6000 A c maxcumymom B o6mactu 6000—6200 A u pesKo CHE 
2KalOTCA B JWIMHHOBOJIHOBOM uacTH cnekTpa. [lecku mpomexkyTOUHOTO CcocTaB 
HM@IOT KPHBble TepexOJHOrO XapakTepa. 
B mpotiecce BbINOJHEHHBIX PaOOT CYIMeCTBEHHO YTOUHMAaCh TpaHulla MexK]' 
paHoOHaMH pa3BUTHA NeCKOB, MpHHOCHMbIX c PyccKoH nuaTPOpMbI, H MecKOB 
OOpa30BaHHbIX pa3MbIBOM CHCcTembI KaBKa3a (pue. 1). pu stom oKa3auo0ck 
uTO Wed) KaBKa3CKHX MeCKOB YXOANT JaJleKO Ha CeBep, H, CJIeOBaTebHO 
HeT OCHOBaHHH CUHTaTb HX OTJIOXKCHHAMM, MPHHECCHHbIMH MOL[HOH apTepHelt 
c ceBepa (‘). 
Mrak, ombitrHat a2pomerporpatpuyeckad CbeMKa MeCKOB, BbIMOJIHeHHa 
c nomoubio WéTHOrTO cneKTporpada PILl-1, noKasana: 
1. Tumbl KpHBbIX CHeKTPaJIbHOM APKOCTH 3aBHCAT OT NMeTporpaduyecKore 
COCTaBa NeCKOB H XapaKTePHb! JWI OlNpeleeHHOFO THIMa MeCKOB. | 
2. Hsmenenne (opmbl MW BUJa OTAeCbHbIX KPMBbIX CMeKTPaJIbHOM APKOCTH 
OTpaxKaeT KOJIeOaHHA B COCTaBe MeCKa, UTO, BO3MOXKHO, MO3BOJIMT JaTb KOJIH-. 
YeCTBEHHY1IO YBASKY OCOOeHHOCTeH CMeKTpa MOPOAbI C ee COCTaBOM. 
3. CiekTpasIbHad APKOCTb OOHAKaIOULHXCA TeCKOB MOXKET ObITb HCHIOJIb=: 
30BaHa JIA MX MeTporpaduyeckoro KapTHpOBaHHA C BO3AyXa. 


Jla6opaTopua a2pomerosoB Tlocrynuao: 
Axkajemuu HaykK CCCP 29 I 1958. 


| 

UMTHPOBAHHAS JIMTEPATYPA | 
'M.H.Banamosa,9.Jl.Cansgaay, H.H.Cry aos, 3an. munepan. o6m., 36,, 

5, 632 (1957). 7 A.B. Bucteanyce, JAH, 111, 1068(1957), ®A.B.Bucteauye) 
Teonorus 3axacnus, Wan. AH CCCP, s. 1, 1958, crp. 31—67. 410. A. lerpoxosuy, 
Bioan. MOMM, org. reon., 22 (3), 63 (1947). ®&M.A.Pomanosa, Tp. uncr. reon. Hayk\ 
AH Typxm. CCP, 1, 285 (1956). $M. A. PomauoBa, Teonorna 3axacnus, W3n. AH) 
CCCP, B. 1, 1958, erp. 5—30. 
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JTornann AKkanemun Hayk CCCP 
1958. Tom 120, Ni 3 


ITET PO PA®H fl 


Cc. A. TONOPEL 


O 3ABHCHMOCTH SJIEKTPOMPOBOJHOCTH HHFPEQHEHTOB 
CYYAHCKHX KAMEHHDBIX YIJIEM OT JABJIEHHA 


(ITpedcmasaexo axademuxom JI. B. Haauexunoim 17 IT 1958) 


| B autTepatype ykasbiBalocb (*~“) Ha HaJIMune OMpeeeHHBIX CBA3eH MexKLYy 
HeEKOTOPbIMH TeOJOrHyeCKHMH (aKTOPaMH M CBOMCTBaMUM YFOuJIbHOrFO BelllecTBa. 

OfHUM H3 TreouOrMyecKHX (baKTOPOB, BJIMAIOWLNX Ha CBOLCTBa yrueli, AB- 
JIACTCA JaBJIeHHe BbIMMeTeKAallHX TOU, MOpoL. 

) Hamu wu Oblia H3yueHa 3aBHCHMOCTb Mek Ay aBJICHHeM HU TaKHM CBOLCTBOM 

yrueH, Kak SJIEKTPOMPOBOANOCTH, Misi MeTporpapuyeckux HHTpequeHTOB cyyaH- 

CKHX KAM@HHBIX yruel. 

B padore Obl HCMOIb30BaH THpaBlMyecKHH mpecc c BepxXHHM IIpesesoM 
Japsenua 250 kI/cm?. O6pasub wHrpequeHTOB 6pamuCcb B MOpPOUKOOOpasHOM 
COCTOAHHH C BeJIHYHHOH 3epHa 0,25 mM. 

VHi3mepeHua MpoBoqusucb C MOMOMIbIO JBYX9IeKTpOMHOH ycTaHOBKH Ha 
MIOCTOAHHOM TOKe, COCTABICHHOH Tak, UTOObI ObIIO BO3MOXKHO YUECTb BbI3- 
BaHHY!0 MOJApH3allMio U3y4aembIxX OOpasloB. B kayecTRe HHAHKaTOpa TOKa 
HCNOJIb30BaJICA MUKPoamnepMmetp M-91 co umKasol Ha 10 ya. 

PesyJIbTaTbl STHX HCCJICOBaHHU MpescTaBseubI Ha puc. |. 

Kak BuyHO u3 puc. | a u 6, ycTraHOBNeH pa3JIMUHbIM XapakTep H3MeHeHHA 
QJIEKTPOCONPOTHBJICHHH MPH YBeJIMYeHHH JlaBJIGHHA Y TaKHX MHIpelMeHTOB, 
KaK BUTPeH MH KJIapeH, B 3aBHCHMOCTH OT CTelMeHH HX MeTamopdu3ma. Y jrope- 
HOB Hv cpro3eHoB (pic. | @ u 2) Takoli KapTHHbI He HaOwOMaeTca. XapaktTep u3- 
MeH€HHA COMPOTHBJICHHA STHX MHIPeMeHTOB 3 yrviell pasHOH cTemeHH MeTa- 
- MOpdu3mMa OMHAaKOB. 

Bosee etasIbHoe pacCMOTpeHue rpadukos au O Ha puc. | noKa3bIBaeT, ITO 
YJ@JIbHOe COMPOTHBJICHHe BHTPeHOB HM KJIapeHoB yruieH Mapok Tu IDK c no- 
CTeMeHHbIM YBeJIM4eHHeM JaBleHua (crymenamu mmo 50 xKI/cm?) no 100 KI/cm? 
YMeHbllaslocb, HO, HayuHaa co 100 KI/cm?, mpoucxogquao He JauibHel lee M0- 
HWKeHHe, Kak CIeOBaIO O*KUaTb, a HEKOTOPOe NOBHIWeHHe BeJIHYHHbI CO- 
NpoTuBseHuA. CompoTuBJeHve BUTPpeHa HU KJlapeHa aHTpallMTOB MW TOWHX YI- 
Jie Mp MocTemeHHOM NOBbIIMeHHN WaBseHua oO 150 KI'/cm® Bce BpemA YMeHb- 
IaJIocb. 

Takum oOpa30m, BUTpeH M KJIapeH u3 yraeH Mapok IT wu IDK oranuatorca 
MO XapakTepy H3MeHeHHA CBOerO YJCJIbHOFO COMPOTHBJIeHHA C yBeJMYeHHeM 
WaBsJIeHHA OT BHTPeHOB H KJIapeHOB TOULMX yrvieH WH aHTPalHTOB. 

Tlommeyenuac 3aBHCHMOCTb HaXOMHTCA B COPaCHH C JaHHbIMH, MOJIYYeHHbIMU 
IPH M3YYCHHU BUIMAHHA aBJIeHHH Ha MOJICKYJIAPHY!O CTPYKTYPY KAMCHHDIX 
yraei (°). [lo MHeHuto aBTOpOB yka3aHHOl paOorbl, ABJIeHHe HCKYCCTBeHHOH 
aHH3OTPONHU JWId BUTpeHoB yrvieH Mapku IDK cBa3aHo c MepmeHHKYJIA PHIM 
pacno/lOxKeHHveM MOCKocTeH yrsiepOJHbIX CETOK NO OTHOIMeHHIO K HallpaBJIeHHIo 
WaBJleHHA MPH OMHOCTOPOHHeM CKaTHH. 

Han6osee BEPOATHHIM ABJIACTCA TO, UTO TOKOMPOBOAALLHMH NYTAMH B BO3 Jy II- 
HO-CYXHX OOpa3lax HHFPeAHeHTOB yIvieH ABJIAIOTCA yrvlepOAHble CCTKH H,CJeOBa- 
T@JIbHO, NePMeHAUKYJIAPHOe pacnosoxweHHe UX y BHTPeHOB MaPOBMYHO-%KH PHBIX 
yruieli 110 OTHOLIEH MIO K J[aBJICHHIO H HallpaBJIeHMi0 9JIEKTPHYeECKOLO TOKa (B Hallet 
yCTaHOBKe HallpaBJeHHA LaBeHHA HU MPOXO%*KeHusA TOKa COBMafaiwor) NO/AKHO 
MOBbIMAaTh COMPOTHBAeHHe 3ITHX OOpPasIloB. 
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JO it 100 150 30 30 100 150 kl fer” 


Puc. 1. SapucuMocTb yJeuJIbHOrO COMpOTHBJICHHA MH peLHeHTOB | 

KAMeCHHBIX yIrJlel pa3IMYHOM cTeneHH MeTaMopdu3smMa oT aBse- 

HHA. @ — BUTpPeHbI, 6 — KNapelbl, @ — JOPeHbI (KCHJIeHO-KCHIO- 
BUTPeHOBbIe), 2 — (p103CHbI 


OmM-CM 


30 50 100 150 180 kom? 


Puc. 2. Kpuppie u3MeHeHMA yebHOrO COMpOTHBACHHS BUTpeHa Yrs 
Mapku IDK c yBeauueHvem yaBenua (1) MH mocmemkyrolliM ero 
yMeHbueHvem (2) 


_ Honsirku noprsepiurb 9To ABeHHe TYTeM CHATHA MPM YMeHbIWeHHO Ha- 
vecke MpOObl, KPOMe «IIPAMbIX» KPHBbIX (puc. 2, 1)—- «oOparHbIx» K PHBbIX 
puc. 2, 2), T. €. KPHBbIX HSMeCHCHHA COMPOTHBEHHA MpOOb! pH YMeHbILeHUH 
(ABJICHHA, JasIM BOSMOKHOCTH MpeANONOKUTL OOPasoBaHHe AHUZOTPOMHH poi, 
‘aK KaK [IPH YMeHbIJeHHH aBeHHA «OOpaTHad» KPHBa U8MeHeHUA CoNpo- 
WBJICHHA Her MOUTH TOPH3OHTaIbHO C HEKOTOPLIM MONbEMOM IPH AaBsIeHHH 
10 «I /cm?. 

TloqMeyenHoe pa3vluuve XapakTepa H38MeHEHUA COMpOTHBMeHHA Tp MOBbI- 
HeHHH aBJICHHA JIA BUTPeHOB H KJlapeHoB yruieH mapok IT un IDK, c ognoti cro- 
MOHbI, H AHTPAWUTOB MH TOWLMX yrueH —c Apyroli, Moxker uMeTb 3HayeHHe WIA 
MpeeseHHA MaPKH YIVIA. 

AOcouoTHaA BeIMUHHa YeIbHOTO COMPOTHBJeCHHA WHTpekuenta pn yuere 
WIMAHUA pata cdaKTopos (°,”) MoxKer WaTb HETOUHOe OMpeeeHHe MapPKU UCccue- 
tyemoro yrs. [Ipopeyennve xe H38MePpeHHA COMPOTHBJIeHNA NOpOliKa BUTPeHa 
[IM KJlapeHa H3 3TOFO VIIA Mp Pa3HbIX aBJICHHAX JaeT BOSMOXHOCTH Oovlee- 
rOUHOTO YCTaHOBJICHHA MapKH YTVA. 

OnpiTb! 10 OmpeleseHHIO MapOK YIJIA 3THM CHOCOOOM ObINH NpoBeseHbI Ha 
mecTH OOpasilax, WH B NATH CJTyyaAX Obl NOyYeH pesyJIbTaT, NOAKpenMIeHHbil, 
sMOCI€(CTBHH JaHHbIMH yruienerporpadbuyeckoro H XHMMYeCKOFO aHaJIH3OB. 

TlpoBeweHHble ucCJIeqOBaHHA MOKasaJIu, UTO MO XapakTepy H3MeHEHHA Yeub- 
(OrO COMPOTHBJICHHA IPH MOBbILWeHHH aBJIEHHA BHTPeH HU KJiapeH yruleli MapoK. 
*w IDK orauuex of BHTpeHa H KJlapeHa aHTpalluToB H TOMMX yrael. Jttopex 
[ (ro3eH Takoro pe3ybTaTa He ator. 

S7o 3acTaBaer HaC IPH onpeseseHHH CTeMeHH MeTaMOp*H3Ma YIOJIbHbIX 
(MaCTOB OTJaBaTb MpeNOuTeHHe He CpeAHHM IWIaCTOBbIM TipoOam, COCTOALU HM: 
13 CMeCH Pa3HOBHHOCTeH, a Mpo6am HaHOoulee OLHOPOAHOFO BUTPeHOBO!O yrvisl. 

Hambueiiiad paspa6oTKa WH uCMOb30BaHHe 2TOH 3aBHCHMOCTH MOTYT JaTb. 
1eTOX, NONOMHAOMMA MeTporpaduyeckne WH XHMHYeCKHe ONpeeeHus. 


Jla6opaTtopua reomoruH yraA Tocrynuao 
Akajemun HaykK CCCP 12 II 1958 


WMTHPOBAHHAH JIMTEPATYPA 


1C. M. Tpuroppes, Tp. Mucr. ropioy. uckon. AH CCCP, 3, 41 (1954). 71. JI. 
}TalHuKOB, Puzuueckue MeTOsbI B HccMegqoBaHuM yruelt, 1957. *H.H. DeabTe a b- 
heuictep, B. A. [atruaos, Paspegxa negp, 2, 18 (1956). *10. A. Kemuy xHu- 
°:OB, XuM. H TexHON. TonmuBa, 5, B. 1, 46 (1934). JI. JI. Pas ymosa, B. HU. Kaca- 
‘ouxuu, M. TI. Bonaposny, JAH, 103, N 6, 1033 (1955). °H.B. Loprman, 
Mucceprauua, BCETEHW, Jl., 1956. 7 C. A. Tonopen, JAH, 118, 177(1958). 
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Woxaagn Akanemun nayrx CCCP 
1958. Tom 120, N 3 


ITA EOHTOJIOFH A 


E. A. MAJIBTHHA 


| CHOPOBO-IIbIJIBEEBBIE CNEKTPbl YETBEPTHUHbIX 
HW BEPXHETIJIMOUEHOBbIX OTJIOKEHWH 3ANMAQHOM TYPKMEHHH 


(ITpedcmaeaeno axademuxom B. H. Cyxaueeoim 11 II 1958) 


B revenue 1956—1957 rr. Hamu npousBo_Hca CNOPOBO-MbIIbUeBOH aHa- 
JIH3 MeCUaHO-IHMHHCTHIX OTJIO%KeHHH, BCKPbITHIX OY POBbIMH CKBaxXHHAaMH B Bas- 
XaHCKOM KOpHyope H OKOVIO 03. Acxan. 

IIpenocrapeHHblt Ham B. B. Byxauupim (Asporeonornueckand 9kcnequnA 
‘Ne 11) kepnospifi Marepuan u3 BaixaHcKoro KopuHyopa OTHOCHTCA K allllepou- 
CKOMY, OaKHHCKOMY, Xa3aPCKOMY, XBaJIbIHCKOMY HM HOBOKaCMHiiCKOMY Apycam. 
Oxoulo 03. AcxaH H3yYeHHble OTOKeHHA, NO WanHbIM TypKMeHCKOrO reoorH- 
yeCKOrO ylpaBJIeHHA, OTHOCATCA K OaKHHCKOMY H Xa3apcKOMy spycam (Kapa- 
KYMCKasl CBuTa). Bcero B 3 CKBaxKHHax ObwIO MpoaHanu3supoBaHo 114 o6pasuos. 
'B Tex o6pa3iax, B KOTOPBIX yalOCb NOACUHTATb JOCTATOUHOe KOJIHUECTBO MIbIJIb- 
Ubl H CHOP, ONpedeANHCb NPOWeHTHbIe COOTHOWEHHA MbIWIbILbI PeBeCHbIX M0- 
pO, MbIIbIbI KyYCTaPHHKOB HU TpaB, COP, a TaK2Xe MbWIbUbI BOAHbIX pacTeHuit. 
SaTeM OMpeyesAOCb YUaCTHE COCTABJAIOULHX CHOPOBO-MbIbUeBOH CMeKTP KOM- 
TOHEHTOB OTJ@JIbHO B KaxjoH rpynne. IIpu paccmorpeHuu JaHHbIX aHaJM3a 
oco60e BHHMaHHe MbI OOpalilaJIH Ha KOJIHYECTBO MbIVIbILbI J[PeBeCHbIX JIecooOpa- 
3YIOUHX MOpOjl, KaK OTParKeHHe CTeMeHH OOJIECeCHHOCTH TePpHTOPHH, HW Ha KO- 
JIMYECTBO MIbIJIbIbI KCePOPUTOB, Kak OTPaKeHHe CTeMeHH apHAHOCTH KJIMMATA. 

B COBpeMeHHBIX CIOPOBO-IblJIbIeBbIX CMe€KTpaX C MOBePpXHOCTH MOUBbI H3 
Tipu6anxanckoro palioua Ha MblWIbly ApeBecHbIx Mopok mpuxosurca oKo0 20% 
‘oT CYMMBI MbIJIbILbI H CHOP. ITO MpeMMYLeCTBEHHO MblJIblla WIMPOKOJIMCTBeHHbIX 
TMOpO], rlaBHbIM OOpa3om rpaba, a TakKe O/IbXH HM COCHBI, He MpOUspacrarolux 
B HacTosiee BpemaA B SanawqHoH TypkmMeHuu; OHa, NO-BHMMOMY, 3aHeceHa 
BeTpom c Kapka3a u Mpana. Komnuectso mblJibiibl KCepOPuTOB * B STHX CIIeKTPax 
coctaBulxeT OKOIO0 70—80% OT CYMMDI MIbIJIbILbI KYCTAPHHKOB H TPaB. 

JlauuHple aHaslu3a OOpa30B H3 pa3JIMUHbIX CKBaxKHH JICTKO YBAS3bIBAIOTCA 
mpyr c apyrom. Han6ouee xapakTepHa AHarpaMMa CKBaxKHHbI H3 BasxancKoro 
KOpHOpa, MpescraBeHHad Ha puc. | (riy6uHa pa3spesa 100 mM). 

Kak BHJHO Ha pxce. |, CNOpoBO-MbIJIbUeBbIe CMEKTPbI HEOJMHAKOBHI JIA pas- 
JHUHbIX TepHOAOB HaKOMJICHHA OCaKOB. 

Cpeuuh anwepou. OOnapyxenbl cmeKTpbI C COMepKaHHeM MbWIb- 
[bl [PeBeCHbIX Mopo 35—65 %. B cocraBe MbIJIbILbI [PeBeCHbIX MOpoX mpeoOu1a- 
maer Pinus (75%), pouwb Apyrux [peBecHbIxX Nopok HeBedHKa. OrmeyeHo 
IIPHCYTCTBHE IIbIVIbI[bI BEPeCKOBbIX, ABJIMIOULMXCA, KaK W3BeCTHO, IIPpeHMYUle- 
CTBEHHO JlecHbIM auleMeHTOM. [lbibila KcepocbuToB cocraBner OKONO 60% oT 
CYMMDI IIbWJIbIbIl KYCTaPHHKOB H TPaB. 

BepxHuf anmwepou—GakuHCKHh aApyc (Hepacue- 
HeHHas Towa). HuxHAA YaCTb TOMI XapakTepH3yeTCaA HaJIM4HeM CII€KTPOB 
C BbICOKHM COepxKaHHeM MbWIbIbI KYCTAPHHKOB HW TpaB, IPH4eM MbIIbILa KCepo- 
(buros cocraBsaser Sombie 80%. KonuuecrBo MbWJIbIbI ApeBeCHbIX NOPO MeHb- 
me 5%. CpeqHaa uaCTb TOJIUH HMeeT CHOPOBO-IIbIIbWeBble CNEKTPbl, CORep- 


* Cymmupopanacb mpibya Artemisia, Chenopodiaceae, Ephedra, Calligonum, Statice. 
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KalMe Jo 65% MbWIbUb! APCBeCHbIX MOPOA OT BCeli CYMMBI IIbIJIbILbI HM CHOp. 
Ipeo6anaer nbwibia Pinus; B HecKOMbKO 6ONbILIEM KOJIMUeCTBE, UM B CHeKTpax 
peAHero allllepoua, BCTpeyaeTca MbWIbIa WIMPOKOMCTBEHHbIX MOPOR pasHoo6- 
pasHOrO COCTaBa, B TOM uHce Pterocarya, Juglans, Ostrya, a takxe Rhus, 
lex u ap. B 2Tom ropusonTe BCTPeyaeTCA JOBOMbHO OoNpIOe KOMMUeCTBO cnop 
a 10%), mpeycTaBeHHbIX B OCHOBHOM MalloporHuKamu (B TOM duce Osmun- 
la). Berpeyaerca TakxxKe MblIblla BepeCKOBHIX, IpHueM OOHAapyX*KeHbI MblIbILe- 
ble 3epHa TpexX THNOB, CpeyqM HUX — cxogublec nblibuow Arctostaphylos u 
Rhododendron. KouuyecrBo mbibitbl KCepoduTOB cocTaBuIAeT He Gomtee 60%. 
3 STOM TOPHSOHTE OTMeYeHO HeOONbUWOe KOJIMYECTBO MBIVIbILbI IKZOTHYCCKHX 
jopm: Tsuga, Liquidambar, Taxodiaceae. Jlannpiii ropusonT BbIpaxkeH Hi B 
‘pyrou cKkBaxunHe us BamxaHcKoro Kopufopa, a Tak2Ke, XOTA HM MeHee UeTKO, 
y os. ficxan. Bepxuaa yacTb TOU OXapaKTepH30BaHa TOKO OHM OOpa3- 
LOM, HMEIOU[HM CIIe€KTPp C BbICOKHM COJep2xXaHHeM IIbIWIbILbI KYCTaPHHKOB 4H 
paB, aHaJIOrMuHbI CNeKTpaM H3 HHW2KHeH uaCTH TOVILLM. 

Xasapcekuh apyce. Hwxuaa uacth ormoxennit JaeT HOBOe MOBEI- 
UeHHe KOJIMYECTBA MIbWWIbIbI APEBECHBIX MOPOL, C MpeoOsaqaHHem MbiIbiUbl Pi- 
NUS HW Pa3HOOOPa3HbIM COCTABOM MIblWIbIUbI WIHPOKOJIMCTBeHHbIX MOpoR (Quercus, 
‘ilia, Ulmus, Juglans, Carpinus u yp.). Battie mo paspesy KOJM4eCTBO MbIJIbILbI 
(peBeCHbIX MOpoy CcHuxKaeTcaA. B pale OOpaslloB BCTpeyaeTCA MblJIblla BEPeCKO- 
sbix. KoywuecTBoO MbwWIbIbI KCepoduToB Komebetca oT 40 yo 80% or cyMMBI 
IbIJIbIbI KYCTAPHHKOB UM TpaB. 
 XBaIbBHCKHE OTMOKeHHA Ha TMarpaMme He MpesctaBseHbl. Bo Bro- 
oH CKBaxkuHe U3 BasixaHcKOro KOpHJOpa Obl B3AT TOJIbKO OHH OOpasell XBa- 
IbIHCKHX OTJIO%KeHHH, B KOTOPOM OOHaPy eH CMeKTP C OOJbIUIMM COJepxKaHHeM 
IbWIbIbI TpeBecHbix mopon (49%), mpeo6atqaHvem Mbiibubt Pinus, mpucyt- 
“TBHEM IIbIJIbILbI BEPeCKOBbIX H 60% MbIWIbIbI KCepo*PpurTos. 
 HopokacnuuckK He OTIOKEHHA XapakTepH3YIOTCA CIeKTPaMH, B KO- 
‘OPbIX MpPHCyTCTByeT, [TwlaBHbIM OO6Pa30M, MIblJIblla KyCTaPHHKOB H TPaB, a 
IblIbla KCepouTOB cocraBaaer 70—90%. 

_ J]aHHbie CNOpoBoO-MblJIbleBOrO aHaJIM3a MO2KHO CYMMHPOBaTb CJIEMYIOULUM 
)6pasom: |) B pa3pe3e HMeIOTCA TOPH3OHTHI C PasJIMYHbIM XaPaKTePOM CIOPOBO- 
IDIIBILEBLIX CIeKTPOB; 2) HaYMHAaA CO CpesHEFO allluepoHa, OTMeUaeTCH TIO Kpal- 
ieli Mepe TPH M@KCHMYMA IIbIJIbILbI JIPCBECHBIX MOPOM, B KOTOPHIX KOJIHUeCTBO 
ce B 2—3 pasa MpeBbllllaeT POb STOO KOMNOHEHTA B COBPeMEHHbIX MOBePXHO- 
Berax Mpo6ax MOYBbI, YTO y2xKe TPYAHO OODACHHTb JaJIbHUM 3aHOCcOM; 3) K To- 
JU30HTAaM C MOBBILCHHbIM COJep2KaHHeM IIbIJIbILbI [PeBeCHbIX MOpO MpHypoweHo 
IPUCYTCTBHE IIbIIbILbI BEPeCKOBbIX HM YMCHbIUeHHe KOJIMYECTBA MIbIVIbILbl KCePO- 
purTos. 

 Takue U3MeHeHHA B XapaKTepe CMOPOBO-IIbIJIbIeBbIX CIM€KTPOB MOXHO, 
10-BAHMOMY, OObACHHTb H3MCHCHHAMH PaCTHTeJIbHOrO MOKPOBa, KOTOPHIe, 
p CBOIO OYepeb, CCTECTBCHHO CTABHTb B CBASb C KOMeCOaHHAMH KJIMMATA. 
Kak w3BecTHO, Ha TeppuTopuu Cpequelt Asnuu B ueTBepTHdHOe BpeMA MMe 
MECTO «IIOBHaJIbHbIe» (asbl, CHHX POHHbIe MepHogam ouleqeneHult Epporpl u o6yc- 
NOBJICHHbIC YCHJICHHEM POJIM WMKJIOHOB, MpOXOMMBINMX Yepes CpeH3eMHOe MO- 
oe — Kapxa3 — Cpeguroro A3uw (*, *). YBemuyeHwe KOHUeCTBAa Bar HON2KHO 
SbIIO BLISBaTh H3MCHCHHA B PaCTHTe/JIbHOM NOKpoBe TypKMeHHH, B OCOOCHHO- 
“TH ee TOPHbIX paiOHOB, 3a CueT MPOHMKHOBeHHA H pacce/eHHA Oopeav bHBIX 
3JIEMeHTOB H MIpescTaBuTeeli Me30@HIbHOH MpeBeCHO-KYCTaPHUKOBOH (popbl 
43 Mpumeraomux palionos (', °, 7). OcoOeHHO Oombllloe 3HayeHHe Kak HCTO'- 
Huky (POpMHpOBaHHA ApeBecuoh sopbl rop Cpemuen A3uu M. B. Kysptu- 
acoB mpuyaet KapKasy. 

Vimeiotca OCHOBaHUA NOJlaraTb, UTO CMeKTPbl C MOBbIWeHHbIM COMepsKaHHeM 
MbIJIbIbI IPCBECHbIX MOPON BUSYYeHHBIX Paspesax ABMAIOTCA OTPaKCHHeM 6osee 
OoraTOH paCTHTeJIbHOCTH, cylmeCTBOBaBleH B Oovlee OarONPHATHBIX, YEM Te- 
Mepb, KJIMMaTHYeCKUX YCJIOBHAX, CBASA@HHBIX C <IVIOBHabHbIMHY 9T10XaMH 
B ucropuu Cpeguelt Asuu. B cnopoBo-lbiibieBbix cmeKTpax C HOBBILCHHDIM 
colep2KaHHeM IIbIJIbIbI APeBECHbIX MOpok BCTpeyaeTcA, Kak MbI BHAMM, IIblibia 
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PacTeHHH, CYU[eCTBeHHO OTVJIMUAaIOMLHXCA pyr OT Apyra no cBoeH SKONOTHI 
OTO HECOMHEHHO ABJIACTCH OTPaXKeCHHeEM Pa3JIHYHOFO XapakTepa PaCTHTeJbHOCT 
rop (c yyacTuem Me3 0(pHJI bHDIX 3JIEMCHTOB) H PaBHHH (Cc MpeoOalaHHem Kcepe 
(puToB). OHaKO B HaCTOAULMH MOMCHT TOUHO ONpeeUTb PJIOPHCTHYECKHH C 
CTaB PaCTHT@JIbHOCTH He IMIpeACTaBJIAeTCA BO3MO2%XKHDbIM. BnowHe ouveBHyH 
YTO HaJlMuHe OOJIbWOFO KOJIMYECTBA IIbIWIbILbI KCePO*UTOB yKasbiIBaeT Ha COXp 
HeHHe aPHAHOCTH KJIMMaTa PaBHHH M B MepHOb!I HEKOTOPOLO eFO YBJaKHeHH§ 

Haxojka B paiione wopa Kenb-Kop KocTHbix OCTaTKOB CIOHa u3 posta Ha 
speroloxodon, jaTupyemad KOHIOM OakWHCKOrO — Ha¥asIOM Xa3apCKOFO Bpe 
mMeHH (°), coriacyercA C JaHHbIMH CMOPOBO-MbIJIbIeBOFO aHasH3a 10 Bawx ak 
CKOMY pationy. | 

TlonyueHHble HAMM pe3yJIbTaTb! XOPOWIO COMOCTAaBJIAIOTCA C MHKPpOMaved 
OoTaHHyeCKHMH JaHHbIMH, MpuBeyeHHbimu B. IJ. [puayKom (4) aaa coo7Be4 
CTBYIOWMX OTOAXeHHH CeBepHoro IIpuKkacnua. 


Wuctutyr reorpadun Ilocrynuso 
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MAJEOHTOJIO‘H 9 


Cc, P. CAMOHJIOBHY 


K BONIPOCY Ob H3MEHEHHAX PACTHTEJIBHOrO MOKPOBA 
SANAJHbIX BAJIKAH B BEPXHETPETH4HOE BPEMSI 


(ITpedcmaeaexo axademuxom B. H. Cyxauesoim 17 IIT 1958 ) 


Matepwasiom ia HacTosueli padorr nocayxKHIHK PpeSyJIbTaTbI Na/lMHOJOrH- 
f€CKHX HCCJICAOBAHHH BePXHEMHOLCHOBHIX H IWIMOMeHOBLIX OTIOxKeHMi AnOanun, 
IpoBeeHHble HaMH B 19571. Tlomyuenupie anHble, HECMOTPA Ha UX HeNOJIHOTY 
‘H3yueHo 160 o6pasuos), mpeycTaB.atoT cool HHTepec, KaK @€MHCTBeHHbIM mOKa 
MaTepHal WI Cy2KNeHHA O Pilope BepXHeTPeTHYHOFO BPeMeHH B 3alalHoli ua- 
-tH BamkaHckoro MoslyocrpoBa, Tak Kak KPyMHble ucKonaemble pacTHTeJIbHbIe 
2TATKH 3fecb NO CHX NOp He usyyamuch. Uro KacaercH CNOpOBO-MbIIbIeBbIX 
TaHHbIX, TO CCJIM He CUNTAaTh ABYX NpOaHamH3supoBaHHBIx Butanjom u TIq.trorom 
DOpaslloB u3 BepxHero naHOoMeHa Ppenuu (°), 9TOro poda cBeyeHuA TaKxKe OTCYT- 
STBYIOT HM MO CMexKHbIM c AuOaHueit CPpeJH3CEMHOMOPCKHM CTpaHam. 

OrloxKeHHA BepXHerO MMOLeHa HCCIeOBaIuCh HAMM B BOCTOUHOM, ropHoli 
dacTH AjOaHun; paspesbl xe MiesaHcKOrO u acTHIICKOrO ApPycoB nMIHOLeHa — 
8 3alaj[HOH, HH3MeHHOH ee uacTH. 

BbIABJICHHbIe B pe3yJIbTaTe MpOJelaHHOl paOorbl NasMHOMOrMuecKHe KOM- 
WJICKCbI XAPAKTEPH3Y1IOT OCOOeEHHOCTH PaCTHTeIbHOFO NOKpoOBa UCCeLOBaHHOl 
repPHTOPHH B KaxKJOM U3 YyKa3aHHbIX OTPe3KOB LeosOrMyecKOrO BPeMeHH. 
Ha pic. 1. mpHBeqeno pacmpocTpaHeHHe MbIJIbIbI pas/IMYHbIX 2KHSHEHHBIX (bopM 
1 HaHOoslee XapaKTepHbIX CeMeHCTB H pOOB, Ha TaO. 2 —MbIIbUbI pas/MUHbIX 
IKOJIOPHYeCKHX py pacTeHHH B OTJIOXKeHHAX BepXHerO MMOLeHa HU MIMOLeHa 
A nOaHuH. 

OTIHUMTeIbHOK uepTOH MasMHOMOrMYeCKOrO cMekTpa BepxHero MmuoleHa 
IBJIACTCAH BeCbMa CYLICCTBEHHOe yuaCcTHe B COCTaBe IIbIJIbILbl TeMHOXBOMHBIX 
Tsuga, Abies, Picea, Cedrus cf. deodara Laud.) u umpokomncrBenHblx Me3o- 
puJIbHbIX Nopoy (Fagus cf. orientalis L., Quercus cf. robur. L., Carpinus cf. 
etulus L., Ulmus cf. laevis Pal. u gp.). Tpiwtput BeyHosemeHbix H 2KecTKOMH- 
‘THBIX JIPCBECHbIX, KYCTAPHMKOBBbIX H TPaBAHUCTbIX PaCTeHHH 3eCb OUeHb MaJIO. 

B H¥YOKHEIMJIHMOUeHOBbIX OCaKax (Me3aHCKHH sapyc) OOHapyxeHO OOuHe 
IbIJIbIbI XBOMHBIX, IpeACTaBJICHHbIX, B OCHOBHOM, pa3JIMUHbIMH Busamu Pinus 
» upumecbio Cedrus cf. atlantica Manetti; mbimbia TeEMHOXBOHHDIX NOpO urpaer 
eCb HECYINECTBEHHYIO POJIb. XaPaKTePHO HaJIMUHe TOPH3OHTOB, H30OHJIYOULHX 
IbWIbUOM pasHUHbIX BuzoB Alnus, Tora Kak Apyrue mpemcraButein Betulaceae 
CTPeuaIOTCA 3HAaUHTeIbHO pexe. OrmeueH HEKOTOPbIM MpOMeHT BeYHOSeJEHBIX 
Pistacia, Rhus, Oleaceae). [Ibiibubl TpaBAHUCTHIX pacTeHHH HeMHOTO. 

Oco6eHHOCTh CNOPOBO-MIbIIbIeBOrO COCTaBa aCTHHCKOrO sApyca COCTOHT 
} Pe3SKOM YBEIMYCHHH KOJIMUCCTBA MbIVIbIbI TPaBAHHCTHIX (TVIaBHbIM OOpasom 
shenopodiaceae) HW BOspacTaHHH POM MbWIbIbI 7KECTKOJMCTHBIX H BCUHOSEICHbIX 
[PeBECHbIX NOPOA: pasMyHbIxX BugoB Pistacia, Myrica, Rhus u B oco6enHocru 
Jleaceae, ocTuraroulux B OOulel coxKHOcTH 20—30%. 

OcHOBbIBadCh Ha Pe3YJIbTaTaX CHOPOBO-NbIIbUeBOrO aHaH3a, Ha HCCeRO- 
aHHOH TeEPPHTOPHA MpeANOMORUTeILHO MOXKHO BbIAeMHTb CeLylouyHe Tocno;- 
TBOBaBIUMe B BEPXHeTPeTHUHOe BPeMA PaCTHTebHbIe TPYUMNMPOBKH. 

B BepxHeM MHOleHe BOCTOUHAA UaCTb CTPaHbl, ABJIABWAACA, KaK M B Ha- 
TOAILee BPCMA, TOPHOH OOvacTbIO, Oblla MOKPbITa JIECHbIMH MaCCHBaMH us 
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MCHHOPO Je€peBa, BHAMMO, COMYTCTBOBaJl BeEPXHEMHOLWEHOBLIM wlecCam B Govlee 
HHSKOM MOSC€ TOPHBIX CKJIOHOB. CkyfHoe cojepxKaHue B aMHOMOrMuecKUX 


CMeKTpax MIbWIbILbI ThpaBAHHCTbIX CBHJeTebCTBYeT O06 OTCYTCTBHH OTK PbITbIX 
OesJICCHbIX MPOCTpaHcTB. 
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Muyot 061K HOCHJIa PpaCTHTeJIbHOCTb Me3aHa: Ha HCCJI€OBaHHbIX YUacTKax 
sanaquoi An6aHuu rocnoyxcTBoBaJIH Be OCHOBHbIe rpyunupoBKH: 1) wWupoKo 
PaclIpocTpaHeHHble COCHOBO-KeJpoOBble Jleca C MPHMeCbiO JIMCTBeHHbIX MOpPO u 
2) 3apocaH ObIWaTHHKOB, IIPHYPOUeHHbIX, MO-BHAHMOMY, K pyCJlaM peK H Oepe- 
TaM IIpeCHbIX BOJOeMOB. 

SHauHTeIbHO OOubIee pasHOOOpasHe PaCTHTeIbHbIX aCCOWMallMH Hame- 
yaeTcA B acTHckoe Bpemas, rye BbijemsioTca: 1) cBermOXBOMHble, IpeHMylect- 
BCHHO COCHOBbIe Jleca C yUaCTHeM CpeMH3eCMHOMOPCKHX KepoB, 2) HrpaBline 
3HAUHTeJIbHO MeHbILUY10 pOJIb COOOUIECTBA M3 Wy6a, PpaOa M rpel\koro Opexa C Je- 
IMHOH WM KH3HJIOM B MoOdvecKe, 3) WHpOKO pacmpocTpaHeHHble THMMYHO Cpe- 
JIM3CEMHOMOPCKHe [peBeCHO-KYCTaPHHKOBble (POPMallMH HWS MAaCJMHHBIX, (ucTa- 
WKH, 2KeCTKOJMCTHIX JYOOB M Ap. 3acyxoycroitunBElx Mopo, u4) TpaBAHUCTHIe 
ILCHO3bI OTKPbITbIX MPOCTPaHCTB JIMTOPaIbHOM 30HbI, PaCUIMPUBIWeHCA B acTuli- 
CKOe BpeMA BCuIeq 3a perpeccHeH MesaHCKOrO MOps. 


| 


CpaBnenne nasHHOuorMuecKHxX JaHHbIX MO BepxHemy MyoleHy An6aHuH| 
C JAHHbIMH OJHOBO3paCTHbIX HCKOMAaeMbIX JIMCTOBBIX (POP 1Ox%KHOH EBpomnbl NoKa-- 
3bIBaeT HAHOOsIbIUee CXOCTBO C (bOpamH 3anasHo Bonrapuu (°), uro cBHJeTeNb- : 
CTBYeT O MPHHalexKHOCTH BOcTOUHOK As6aHHu B BEpXHeM MHOLMeHe eBPONeHCKOH | 
yMepeHHOecHOH 30He. CileqyeT OTMCTHTb OJIH3O0CTh BEPXHEMHOICHOBHIX CIOPOBO- 
MIbWIbIeBbIX CMekTpoB Amw6asuu u Monyapuu (gaHHpie A. A. Unrypsesow no) 
HacuaBiam). 

IIpu conocraBJeHHH MIMOWeCHOBbIX NaHHOJIOPH4YeCKUX CIeKTPOB C COOTBET- 
CTBeHHbIMH JIMCTOBbIMH (bilopamMH OH3exKalux pakonoB (Mtranuu, lOxxHor 
@panuuu, bonrapuw) BO3HHKaIOT H3BeCTHbIe TPYAHOCTH, 4YTO, MO-BUUMOMY, 
OObACHAeTCA, C OMHOH CTOPOHbI, MOUTH MOJIHbIM OTCYTCTBHeM CpeH Makpodoc- 
CHJIHH OCTATKOB TpaBAHHCTOM paCTHTeJIbHOCTH HM XBOHHbIX MOpON, MbWwIbuOn 
KOTOPbIX H30O6WJYIOT HCCJIeEOBaHHble OCaKH MIHOWeHa, C ApyroH — mwoxon 
COX PaHAeMOCTbIO B HCKOMae€MOM COCTOAHHH MbIWIbILbI JIAaBPOBbIX, HIParolulHx cy- 
INeCTBCHHYIO POJIb B COCTABe IVJIMOWeCHOBbIX JIHCTOBbIX OTMe¥aTKOB IOxKHOH EB- 
pomp. 

CocraB acTHHckol MbiuIbWeBok Piopbi 3anaqHon An6aHuu no OOusMIO Cpequ- | 
3CEMHOMOPCKHMH 3JICEMeHTAaMH OUeCHb OJIH30K COBPeMECHHbIM aCCOlMallMAM MaK- | 
BHCa, MOKPbIBalollerO HbIHe MpHOpexKHble YaCTH CTPaHbl. 


XapaktTepu3yemble MOsyYeHHLIMH Ma/I MHOJIOTHYeCKHMH CIeKTPpaMH H3MeHeHHA | 


PaCTUTeJIbHOCTH Auj6aHHu B TeyeHHe TJIHOWeCHaA CBHCTCJIBCTBYIOT O BO3PaCTato- 


meu KOHTHHEHTAJIBHOCTH KJIMMaTa, UTO COFacyercaA C PyrHMu OOTaHHYeCKHMH | 


WH TeOJOrHyeCKHMH JlaHHbIMH, KaCaloujuMuca IOxwHOK Esponpi. 


Bcecoro3Hbili Hay 4HO-HCceqOBaTeJIbCKUH Tloctynuato 
reomoropasBeOUHbI MHCTHTYT 15 III 1958 
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ITAJEOHTOJIOLH A 


A. A. WHT YPAEBA 


Ob HCKOMNAEMbIX AHOPMAJIbHbIX MAKPOCIIOPAX XBOHHbIX 
(ITpedcmaeaeno axademuxom B. H. Cykauesoim 3 II 1958) 


Muxpocnopb! XBOMHbIX ObIBaIOT C BOSJYIUHbIMH MCIIKamMu Hu 6e3 Hux. IIo 
[MCJIY BOSYUWHBbIX MCIUKOB Pa3JIH¥alIOT MHKPOCMOPbI C OJHHM MeLUKOM (y Masleo- 
;oicKUX pogzoB Walchia, Lebachia u Ernestiodendron), c 7Byma (y OoubiwuHcTBa 
JOOB XBOHHbIX — KaK HCKOMaeMbIX, TaK H COBP€MEHHBIX) H Oolee 4emM C JBYMA 
S03 LV WHbIMH MelUKaMH. 

Muxkpocnopbl, HMerolle OobIe JBYX BO3YUIHDIX MeLUKOB, B 2BOJIIOMMOHHOM 
JA3BHTHH PaCTeHHH, MO0-BHJHMOMY, He OblwIH MepCMeKTHBHbIMH: B HCKOMaeMom 
OCTOAHHH OHH BCTpeualoTCA peAKO, a Y COBPeMeHHbIX XBOHHBbIX COXPaHHJIHCb 
‘OJIbKO y NosoKapnoBbix. Mukpocnopbl c JBYMA BO3YLWIHbIMH MeLIKaMH OKa3a- 
[MCb Ooslee NPHCNOCOGJeHHbIMH: Ha 93TO YKa3bIBaeT HX WMPOKOe pacipocrpaue- 
1He H MOpdoslornyeckoe pasHOOOpasHe Kak Y HCKOMAaeMbIX, TaK H yY COBPEMCHHDIX 
(BOHHBIX. 

Y MHKpOCcnop XBOHHDIX C BO3YIIHbIMH MelUKaMH Hapsyy C OObIMHDIMH, 
[OPMaJIbHbIMH (POPMaMH BCTPeyaIOTCA HW AHOPMAVJIbHbIe, YKJIOHMBIUHECA (y pOAAH- 
sble H Bolinbie) (*). Hexoroppie Takue (opMb! MpuBozATcH Ha puc. 1, /—J7. 

B pa3Munbix pogax (Pinus, Picea, Abies u 2p.) Hamu OOHapy2KeHbl MUKpoO- 
IOPbl C OJHHM BO3/lyIUHbIM MELUIKOM BMecTo JByx (puc. |, //), c AByMA HepaB- 
[OBCIHKHMH MellKamu (4, 6), C Tpemai HepaBHoBetnKuMH (95, 7, 9, 16, 17) 
1 TDeMA OJMHaKOBbIMH MelwKamnu (/0, 14), c uerbippMa (/5) % MHOrMMH (3) MeLLI- 
‘amu, POpMbI WBolinbie (/, 13). CxofHble (OPMbI y Pa3/JIMYHbIX PONOB MOTyT 
;CTpPeuaTbcd B pasMUHble reoworuyeckHe MepHOb! MB PasMYHbIX reorpadu- 
lecKHX MyHKTax (wampumep, 1/0 u 14, 5 u 7 uw Ap.). AnopMasbHble MUKpO- 
MIOPbl OblIH BCTPeYeHbI MH Y COBPeCMCHHbIX XBOMHDIX. 

AHOpMaJIbHbIe MHKPOCIIOpbI CpedH XBOHHbIX (KaK COBPCMCHHBIX, TaK H HCKO- 
laembIX) TIpHBOLATcA payom apropos. A. A. Ky3neuop (?) ormeuaer ABOlHbIE 
bopmbl y Pinus; Byyzxays (1?) Ha6s110laI OMMH KPYFOBOH MeLIOK Y COBPeMeHHBIX 
\bies nobilis, Cedrus Deodara u Podocarpus neriifolia; ®nopuu (’) npxBoguT 
‘uk pocnoph! Pinus silvestris c OJHHM BO3 Jy WIHbIM MELIKOM H3 MOCJIesleHUKOBbIX 
rnoxKennl Wpenuu. Ilypu (1°) yKaspipaer, uTo, No HaOmofenuam UatrepxKu 
Chattergee), B Mnyuu scrpeyaerca Mblibia C TpeMaA MelKamu y Pinus Khasya, 
>, longifolia u P. merkusii; Bubcon u ap. (*1) oTMeyaioT MbiJIbWeBbIe 3epHa 
-Tpema Mewikamu y Pinus banksiana, P. strobus um P. resinosa u3 nencrole- 
lOBbIX OonoT CeBepHoit Amepuxu; Ilypu (1°) Ha6zmogan y Pinus excelsa nbuibity 
OJIHHM BO3)Ly LIHbIM MELIKOM, C TpeMA H C YeTHIPbMA, a Tak2*Ke C ABYMA HeOMMHAa- 
oBoli BeMuHHDI; JlewnKk (°) MpHBOUT WBOlHbIe U ypoxwHBbIe opmp! y Pinus 
(3 BCPXHETPeTHUHBIX OypbIX yrvieH MW MOCMeEMeAHUKOBbIX CJOCB. 

YpoyuBbie (bOpMbI MAKPOCHOp USBECTHbI H Cpe MOKPbITOCeMCHHDIX pacte- 
mii; OHH MpHBosstcs B padorax A. A. KysHemosa (7) nua Corydalis solida, 
3utomus umbellatus; A. JI. Taxtanxana (*) qa Bugos Betula, Jlemmuxa @ 
aa Betula, Corylus, Carpinus, Alnus. Hamu ormeyenbl YerbipexonlacTHble 
rakpocnoppl y Artemisia u3 Nocse/eHHKOBbIX CJIOCB STIOXH 6pOH3bI HW 4VeTHIPeXx- 
ioposbie y Tilia u3 90IeHOBbIX CJ10eB SaBOILKbA. , : 

AHOpMasIbHble MHKPOCIOPbI BCTpeyaloTcA KpalHe PeAKO. Ilo Onopuny (°), 
peau 39887 cyOdoccnIbHbIX Mukpocnop Pinus silvestris (HaxonKH Enorth), 
o6paHubix B IlIpenuu, 0,04% yKnonuBiuiuxca opm; To Jlemuky @), y Pinus 
3 BePXHeTpeTHUHbIX Oypbix yruei TepmManun B 30000 3epeH HaleHo OHO 
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Puc. 1. —/ tun Abies c uersIpbMa BOSYIIHEIMH MeLIKamH, NloMapHO HepaBHOBeJMKUMH (BOMHH- 
K4?). Hmxkusas ropa, Akyrua, npasprit Oeper p. Jlyurxu. OOnapyxensi SK3eMILVIAPbI MOLoOHon 
OpMbI pasHBIX pasmMepos. 2— Tun Abies c aByMA Hepa3szeneHHEIMH BOSIYWIHbIMH MellKaMH. 
Tam xe. 3 — Pinus c MHOrMMH BO3yWIHbIMH MewKamu. Hwxuas ipa, ]Oxnoe Ipenypame*; 
MHOWeH — BepXHHii olMromeH, CesepHan Bammkupua. 4— Tun Abies c ,ByMa HepaBHOReuKUMH 
BO3AYWHBbIMH MelukKamMu. Pot — meliac. 5 — Pinus subgen. Diploxylon c rpema HepaBHoneHMKAMH 
BOSAYUIABIMA MewkamMH. Huxuas ropa. 6—Pinus c 2ByMa HepaBHOBeMKUMN MelmKaMu. Tpuac. 
7— Pinus subgen. Haploxylon c Tpema sosqymHbiMa MewkKamu. Pst — aeliac. 8 — Pinus 
subgen. Haploxylon c aByMa HepaBHOBeMKHMH MeuIKamH. Muonen, 3anaquaa Cu6upp. Tloq06- 
Had (bopMa OOHapyxXeHa B HMXKHEMMOMCHOBE'X OTOKeHUAX TOxHoro IIpenypanba. IJ— Pinus 
subgen. Diploxylon ¢ tpema HepaBHOBenMKHMH BO3AYUIHbIMA MelmKaMu. Tam xe. JO — Pinus 
subgen. Diploxylon c Tpema paBHOBeAMKUMM BO3LYWIHHIMH MewiKamu. Tam xe. 1/ — Pinus 
C OJHKM (BMeCTO {ByX) BO3KYIIHBIM MeIIIKOM BOKpyr Tela. Tam xe. /2— Pinus c 7ByMa MewiKamn, 
OJHH H3 HX pa3feeH Ha Ba HepaBHOBeHKHX yyacTKa. Akuarpia. /3— Pinus silvestris, qBo1- 
HukH. IIneicrouex, Ces. Bammkupua. /4— Pinus, c Trpema memkamn. IIneitcrouen, Boyopasyeu 
Bora — Ypan u Ces. Baukupusa. 15 —Pinus c yersipbMa Memikamu. HwKHHit MHorleH — Bepx- 
HHH omMronet, FOxunoe IIpexypanbe. 16, /7— Pinus (?) c Tpema HepaBHOBeIMKHMU MeLIKaMu 
(OHH H3 HHX Heopa3sBHBHiica). HuxHuH MuomueH ~600 x 


* Popmpr 3—7 wu 15—17 us mMuHorux mectopoxennit HOxuoro IIpenypampa 


YKJIOHMBIeeca ((BOHHOe). B mpoaHasIM3HpOBaHHbIX Hamu (cBbIWe 10000) o6pas3- 
Wax NMOAOOHbIe POPMbI BCTPeyeHb! JIMWb eHHHUHO. 

Jleumx (°) cuuTaeT, 4TO OOpa3s0BaHHe JBOMHbIX MMKPOCHOp MH ypoycTBa 
3aBHCAT TOJIbKO OT BHYTPC€HHHX IIPHUHH, HO KaKOBa CYIIHOCTb HW M€XaHH3M (pak- 
TOPOB, NMOKa He YCTaHOBJIeHO. 

HaxoJkW aHOpMaJIbHbIX MHKPOCMOp XBOHMHbIX B pa3JIHYHbIX PeOJOrHYeCKHX 
OTJIOKEHHAX H B PasJIMUHbIX reorpatwyeckuHx MYHKTAaX YKa3blBaeT Ha TO, TO 
JaHHoe ABJeHHe ObIO OOYCIOBJeHO, MO-BHAHMOMY, OOWJHMM IpHuHHaMH. 

Oguow 3 TaKHX IIPHYHH, OYCBHAHO, MOFla ObITb pe3KaH CMeHa Pu3HKO- 
reorpadayecKux yCJIOBHH, Tak KaK HaHOoulee wacTble HaXOJKH aHOPMAaJIbHbIX 
MHKpOCHOp IpHXOAATCA Ha MepexOAHble reosorMueckHe NepHoOLbI (pst—wJelac, 
HM2KHHH MHOWeH — BePXHHH OJIMTOWeH, BepXHeTPeTHYHOe, MOCMeeIHHKOBOe 
BpeMA H T. M1.). : 

O6pa30BaHHe HeKOTOPHIX YKJIOHeHHM B MOp@OJIOrHH MHKPOCMOp XBOHHBIX 
OOYCJIOBJIEHO ObIIO, TO-BUAUMOMY, TaK?Ke Me?KBUJOBOH H MexKpOsOBoOH THOpHyH- 
3allnel, 1oL06HO Tomy, uTO ycraHoBseHo Ban Kamno-Jtonuau (°) y coppemMeHHbIXx 
Abietaceae. 

YKJIOHEHHA Y MMKPOCHOp XBOMHBIX He CJleqyeT PaCCMaTPHBaTb TObKO Kak 
YpOUCTBa, OHH MMeIOT reHeTHUeCKOe 3HAYeHHe, KaK Ha 9TO yKasbiBaw Ilypu ( Mp 

Pasyeisa TouKy 3penusn B. M. Kos3o-Ilonaucxoro (*) Ha 3HaueHHe TepaTOuO- 
ru UBeTKa JIA MOHHMAHHA BOMpOcoB (PuJIOreHHH, CUHTaeM, ITO YKJIOHMBINMCCA 
(pOpMbI MHKPOCIIOp MOryT ObITb HCMOb3OBaHbI AIA HaMeyeHHA NYTH UX Mop@o- 
reHe3a HW HaxOKJeCHHA HCXOJHbIX (POpM, TEM CaMbIM OHH MOTYT CJLYKUTb MaTepHa- 
JIOM JWIA paspeleHua BorpocoB dusoreHHuu. ¢ 

Tak, HallM HaXOJKH JlaloT OCHOBaHHA HaMeTHTb OHH H3 BOSMOXHbIX IlyTeH 
SBOJIIOWMH MHKpOcnop OT (POpM C OAHHM BOS Ay WHbIM MEIUKOM K (opmam Cc IBYMA 
mellkamu (°) H MOLTBep*KaioT MHeHHe, BbICKasaHHoe DOpHHOM (’,°) a paqOM 
Ipyrux UCceqoBaTeleH, uO aHHbI THI Obi HCXOQHbIM AA OOuIbILNMHCTBAa 


XBOHHbIX C JBYMA (H Oouee) MelliKaMH. 
a poe ( ) Iloctymus1o 
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HLATOJOPHA 


VM. HW. KAKHAJ3E 
HYKJIEOQJIAPHbIHM ANMAPAT B OOTEHE3E LWUK JIONOB 


(IIpedcmaeaeno axademuxom E. H. Haeaoeckum 19 II 1958) 


AnpbluluKO MO CMX MOp OcCTaeTCA HaHMeHee H3yYeHHbIM KOMIIOHCHTOM Apa 
KJIeTKH, HECMOTPA Ha OOJIbWOe YHCIIO HCCIeOBaHUM , MOCBALLCHHDIX BbIACHCHHIO | 
ero CTPYKTYPbI H PYHKWUN. OCHOBHHIe BOMPOCbI, KOTOPble MPHBJeKaIoT B NOcer- | 
Hue FOMbI BHMMAHHe K AJPbIWIKy CBA3AHbI, C OMHOM CTOPOHHI, C H3yYeHHeM POH || 
9TOFO O6pas0BaHHA B O@JIKOBOM CHHTEe3e KJeTKH (*), aC APyrol,— C BbIABJICHHEM | 
efO TOHKOM CTPYKTYPbl WIA ONpeleseHHA yuaCTHA HYKJICOM B ABJICHHAX Ha-— 
cnerctsennoctu (2,2). Ypyrsalickne uccseqopatenu Ocre60 u Coresno (*,*) 
OOHapy XM Mp MOMOMIM CheWMaIbHOH MeTOMKH B AAPbILIKaxX CaMblX Pa3HO- | 
OOpasHbIxX OObeKTOB OCOGy10 HHTUATYIO CTPYKTYPY, Ha3BaHHY!O HMM HYKJIeCOJIO- | 
HeMOH, MOrpy2xXeHHY1IO B OCHOBHOe amopduoe BellecTso. IIpu WeueHun KJeTKH | 
HYKJIeOOHEMA MepeXOAUT Ha XPOMOCOMHI, TipeACTaBAA TAKUM OOpasoM TeHeTH- 
yeCKH MIPeeMCTBeHHY!0 CTPYKTYPY AApbillika. CoBmaaroue JaHHble O CTPOeHHH 
ApbilKa OblIH MOYYeHbI C MOMOML[b10 3JIEKTPOHHOFO MuKpockona (*,°), a TaKKe 
IPH HaOsIOAeCHuH X%KUBOrO MaTepuaua (°,’). Hy2xHO OTMeTHTb, YTO MHOFO paHblle 
BOMpOC O HaJIMYMH HUTUATHIX CTPYKTYP B ALPbIWKe Obl MeTabHO paspaboraH 
I]. 1. )Kuparo (°-1°), oHako ero BBIBOADI He MOMYUMI TaKOW WMPOKOM MOWLepx- 
KH, KaK JaHHble Ocre6sio u Coreno. )KuBaro Movlaradl, YTO BbIABJIAeMbIe B A]- 
pbillike HUTH pescTaBAA1oT COOOM yuacTKH XPOMOHeM, BXOJALIAX B APbILIKO 
pacnoularaiouluxcad B amopdbHOm BerjecTBe. K TakKOMy Ke MHe€HHIO CKJIOHAeTCA 
Tompapyz ("). 

Halim nccsleqoBaHua N0Ka 3aTparuBaWwT JIHUWIb BOMPOC O peaJIbHOCTH CYyecT- 
BOBaHHA HUTYATON CTPYKTYPbI B A PbIlUKax y OObeKTOB, JO CHX NOP He H3YYeHHbIX 
B 9TOM OTHOWeHHH. Matepuasiom CJy KIM 2KEHCKHE MOJIOBbI€ KJICETKH HECKOJIBKHX | 
BAAOB WukNonoB: Cyclops viridis, C. strenuus u C. insignis. [lomumo oOpgHbIx | 
ILHTOJIOTHYECKHX TIPHeMOB, CJIyKallux JWIA NoWyseHuA oOOuleH KapTHHbl, | 
MIPUMCHAAaCh CiellHasIbHad MeTOMHKa CepeOpeHua corsmacHo Ocre610 u CoTeso | 
('?). B 3aBucumocTu oT O6beKTa 3Ta METOAMKa TpeOyer KaxKbI pas SMNMpHUe- | 
ckoro nogxoya. B WaHHom culyyae JyullMe pesyJIbTaThI Obi NOMYYeHb! MPH Cule- | 
WYIOUMX CpoKax OOpaOorTKH: *uKcalluA CMeCbIO, COMepRKalleH a3s0THOKHCVJIBIM | 
ypaH,— 24 yaca, ummperHauna 2% pacTBOpoM a30THOKHCOrO Ccepe6pa— 32— 
48 uac.,BOCCTaHOBJIeEHHe MHPOra/JIOMOBbIM BOCCTaHOBUTeIemM—10 uac. Cpe3br 
meped H3y4ueHHeM NOBeprasuch 30704eHHIOB0,2% pacTBOpe xmOpuya 30N0TA. | 
Bmpouem, oTueTJIMBbIe KaPTHHbI NOWyuauch HU 6e3 3004eHHA. 

IIpu u3yueHuu AQpbiluKa B XOJe OoreHe3a WNKOMa OOpalijaior Ha CeOA BHH- 
MaHHe 3HaUHTeJIbHbIe H3MCHEHUA ero (POPMbI B 3aBHCHMOCTH OT CTaqHN pa3BUTHA 
oounta (pue. 1). B aape momogoro oolkHTa HMeeTCH OJHO OKPYT0e ATPHILKO 6e3. 
BakyOuleH WIM C HEOOJIbIUMMH Bakyoulamu (puc. | a). K nauamy xenTKOOOpaso- 
BaHHA KOJIMYeCTBO H OObEM BakyOJeH BO3PacTaloT, HECKOJIbKO YBeJIMYMBaeTCA U 
o0bem Camoro sApbiluKka(puc.1a,6). Bakyouu nocTeneHHOCAMBaIoTCcA,, IpHoOperaior 
HelpaBuJIbHy!o (POPMY HM NOAPaseAOT BeuUlecTBO AApbiluka Ha TA2KU. [locnemHee 
lpHoOperaer Telepb BU KJyOKa MVJIOTHO CIJIeTeHHIX TOJCTHIX TAKE (puc.1e—e). 
3aTeM TaKOli KITYOOK PasBePTHIBAaeTCH, M THXKU PACMPOCTPaHAIOTCA HO BCeMY APY 
(puc. | oc). K hauamy nepBoro JeeHUuA CO3peBaHuA HYKJIEONAPHbIe TARKU TEPAIOT 
YeTKHe KOHTY phi PaspbixJiAloTCA. K sTOMY BPCMEHH YBeEJHYHBAeTCA OOIee KOMH- 
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Puc. 1. H3menenue opMbl AApHuuKa B XOAe pocta OOWNTOB WNKNONA. Pukcatlua mo Hapa- 

wuyy. OkpacKa reMaTOKCHAHHOM 110 letigenraiiny. OO. 90, ox. 10%. Puc. 2. ToHKana CTPyKTy- 

pa AApbuleK OOWMTOB UNKIONa. OSpaboTKa Mo QcTe6s0 H CoTesio. A— 2—C soo4eHHeM, 0, e— 
6e3 30n04eHHH. OG. 90, OK. 20x. 
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| TeCcTBO KOaryATa AAEPHOFO COKAa, KOTOPbI HAYMHAeT OKPalIMBaTbCA TeMAaTOKCH- 
| JIMHOBBIMH KPaCHTeJIAMH WM TaKHM OOpa30M 3aTPYAHAeT BbIABICHHe BellecTBAa 
AJPbIlKka. 

Ha npenapatax, bukcupoBanubix no Kapuya, Hapammuny, Cancbennue, Llen- 
/Kepy HT. A., AMPbIlIKO Ha BCeX CTaJMAX Pa3BHTHA OOMNTOB MpelcraBlaercsa 
TomoreHHbiM. TobKO B HYKJeCONAX MOJIONbIX OOWHTOB BbIeAIOTCA BaKYOJIH. 
Korjla 2xe Apbiliko mpHoOperaer BUA TOMCTHIX TAXKEl, TO MocsEHHe, Kak mpa- 
BUJIO, MPH BCex cmocoOax OOpaOorKH uMeloT Audby3Hylo OKPacky; U TOWbKO 
B CQMHHUHbIX CJIYYaiX B TA2KAX MOMKHO ObWIO BHJCTh MHOFOUHCJICHHbIe MeJIKHe 
‘BaKyOJIM, TECHO MIpHsieratoulMe pyr K Apyry. 

CoBeplieHHO HHad KapTHHa MowyuaeTca MpH McMosmb30BaHHA MeTONA cepe6- 
penua. Y2Ke B AJPbILUIKaX CaMBIX MOJIOJbIX OOLLHTOB BbIABJIAIOTCH [Be COCTABHbIe 
wacTH: amopdHoe CecliBeTHOoe BeleCTBO H CTPpyKTYPbI HUTYATOrO XapakTepa. Ha 
puc. 2 @ BUAHO APHIWKO OOWTAa, HaxXOAAMerocsA B HavaIbHOl CTauu 2*KeNTKO- 
o6pa30BaHUs: 3,eCb B OCHOBHOM Bell[eCTBe AMPbIllIKa yLaeTCa pass HYHTb 06pa3o- 
| BaHue, HMelollee BUA TOMCTOrO KaHaTa, CBepHYyTOrO B KsJyOOK. B HyKsmeonax 
| BEIPOCLIMX OOMHTOB BbIABJIAIOTCA Te Ke [Ba CTPYKTY PHbIX 31emeHTa (puc. 2 6—e). 
| Buyrpennuli KOMMOHeHT MmpescraBseH 1H60 ABymsa (6, 2), MH60 HeCKOJbKUMH 
(0, @) HHTAMH, B3aHMHO CNMpasbHO 3aKpyyeHHbimu. B page cyuaes 3TH HUTH 
| BEIPIAAAT 3e€PHUCTbIMH. C yBeuMYeHHeM MaCCbI CaMOro AAPbIllIKa B xOe pocta 
| OOWMTAa BO3PacTaeT H KOJIMYECTBO HUTYATHIX CTPYKTYP B Hem. CxoqHOoe crpoeHue 
“AJIPbILIKa MO%KHO OOHAPYXHTb B psjle ClyuaeB H Ha Mpemaparax, (buKCHpOBaH- 
HbIX COJep2KallluMH oCMHH CmecsamH. B Hayase HCCMeELOBaHHA MbI MOJlaraJu, 4TO 
| OOHapy KUBaeMble BHYTPH ALPbILWKa HUTH MOFYT BOSHHKATH OslaroyapsA oceqaHH1o 
cepeOpa Ha CTeHKaX M@JIKHX BakYyOJleH, 3aMOJIHATIOWIMX APbILWIKOBbIC THXKH. 
Ho, mo-BuuMOMy, 9TO He Tak, HM apreHTOHJIbHbIe HUTH PeaJIbHO CYUICCTBYIOT 
B Apbilike. BepostHo Takxe, UTO OHH He ABJIAIOTCA YUaCTKAMH XPOMOHeM, 
3aXOJAMMX B APbILUKO, TAK KaK B OOFeHe3e€ WHKIOMa XPOMOCOMHI, KaK MpaBHo, 
He CBA3aHbl C APbIllIKOM. 

Takum 00pa30M, Ha OCHOBaHHH BBILIeMpHBeeHHbIX JaHHbIX MOXKHO 3aKJII0- 
YHTb, UTO B AQPbILIKAaX OOWMTOB WHKJIONOB Ha BCeX CTaqHAX PasBHTHA MOXHO 
CMelHaJIbHbIMH MeTOJaMH BbIABHTb HUTYATYIO CTPyKTYPY, MOpdomorMuecku 
BeCbMa CXOJIHYIO C HYKJICOJIOHEMOH, ONHCaHHOH B JIMTepaType. 

O JaibHelieH cy1b6e 3TOM CTPYKTYPbI B MHTO3€ MbI He MO2KEM MOKa CieaTb 
OMNpeeJICHHbIX 3AaKJIIOUCHHH, ITO MOCYXUT MpeMeTOM aJibHel ero ucceO- 
BaHHuaA. OHako MpesBapuTeIbHble HaOJIOMCHHA MOKAa3bIBalOT, UTO Ha ONBaJIeH- 
Tax UMKJIONa B [HaKHHe3e HW MeTada3e MepBOro JeIeHHA CO3PeBaHHA OOHAPy Ku- 
BaloTCaA apreHTO*UWJIbHble CTPYKTYPbI, CXOJHbIe C HATAMH ApbiliKa. Ho reneru- 
YeCKHX CBA3e€H MOMOOHbIX CTPyKTYP B XPOMOCOMA€X C AJIPbILUKOBbIM MaTepHaJIOM 
MIpOCJIeMHTb He YlaJlOcb. 

C MOMOUIbIO MeTOJa CepeOpeHHaA ABOHCTBeHHaN CTPYKTYPa HYKJIeOU JIeErKO 
BbIABJIACTCA WB A pax PpOOAULMXCA AML WukONAa. Cilelyer OTMETHTS, UTO HHOF a 
IIpH Tako OOpaOorke CxOHOe C AJPbILIKOM CTPoeHHe HaOwIOaeTCA H B OTCIb- 
HbIX %KeJITOUHbIX 3ePHaX, B OCOGeHHOCTH Ha MO38AHHX CTaHAX MpoOleHHsA. 

O WHTOJIOrHYeCKOMCOCTaBe HHTUATOH CTPYKTY PbI ALPbIWKa MbI MOXAKEMCY LHTh, 
O6a3HpyACb B OCHOBHOM Ha KOCBeHHbIX JlAHHBIX, TaK KaK BCe IMTOXHMHMYeCKHe 
peakuuu TpeOyr0T ompeyeeHHOH (PuKCaMHH, IPH KOTOPOM He/b3A BbIABHTb HYK- 
JleooHemy. Tak, O6Hapy»xxeHue PHK no merogzy Bpaule B AApbIlIKax OOWMTOB 
WMKONa MOKa3al0, YTO OHH Ha BCeM MpOTAKeHHU MaOrO H OosbIUOrO pocta 
Goratb! PHK. Oguako mocuieqHAA Ha 9THX Mpenapatax pacipeyesena NO AAPbIw- 
KY udpdpy3xo. 

OHO Ha6s0eHue MO3BONIAeT HaM AYMaTb, ITO HyKJIeOOHeMa He OOAZATEIbHO 
ouxkKHa coyepxaTb PHK, kak 9TO MOJlaraloT HEKOTOPble aBTOPHI (2) Hurgaraa 
CTPyKTYpa ACHO BbICTYMaeT B AAPbIUKAaX KaK B Havasle WpOOMeHHA AMMA, Tak HM 
Ha CTajiuu ractpysbl. Oqnako KOJIMueCTBeHHOe Cosepxanue PHK B HykJeomAx 
Ha 9THX CTaHAX Pe3KO OTMMUaeTCH: Ha PaHHUX CTaqMAX [poOMeHUA AAPbILKH 
OOHapy*KMBAaWT Hb cneqh! PHK, wa craqun 2e racTpyJIbl OHM COMepxKaT ee 


OUeCHb MHOTO. 
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Jipyrue WHTOXHMHMYeCKHeE TECTHI NOKa3aJIH, UTO HYKJICOJIH OOWHTOB WHKJIONa 
He COJepxKaT HH JIMMOMLOB, HH NOMHMCaXapHOB, HH OCHOBHDIX Oe/KOB, HO [ator | 
HHTeCHCHBHY!O peaKIMio Ha OOWNe Gemku. TakuM OOpa30M, MOXKHO JyMaTb, 4TO- 
HYKJICOJIOHEMA COJlePXKUT KUCJIbIe OeKH. | 

B 3aks04eHHe HeOOXOJMMO OCTaHOBHTbCA Ha CulelyrouleM. B Halliem pacnops-- 
*KeCHHH HMeJICA MaTepHaJl, NOMyYaBLUMHcA HOO HeEMOCpeACTBeEHHO M3 TIPHpoHl, 
J1M60 H3 akBapHyMa. Oxa3asiocb, uTO (opMa AJPbiliKa B OOreHese WHKIOMNA 
MO2K€T H3MCHATLCA B 3aABHCHMOCTH OT TeX YCJIOBHH, B KOTOPbIX IIPOTeKaeT 2%KH3Hb 
XKHBOTHOrO. Y IWHKJIONOB, (HKCHPOBaHHbIX HeMOCpeJCTBEHHO MOCJIe OTJIOBa 
u3 ipya, HaOsOMaloTca BCe Te KaPTHHbI H3MeCHECHHA AM PbIlliKa B TeyeHHe pocTa 
OOWHTOB, KaKHe ONMCHIBaIHCb BbIIUe. Y BbIPOCIIMX OOMHTOB HYKJIeOJIH UMeH 
XapaKTepHbIM BU TOJICTHIX TAKeH. TOMbKO B CAMHMUHBIX CJLYYaAX Ha 9TOM CTa- 
MM BCTpeyasucb OKpyrvible AppuuKu (raOm. 1). Hamporus, y 2kK3emmIApoB, 


Ta6Oauna 1 


VismeHenve (OpMbI AM PbIwIKa OOWMTOB UMK/OMa B 3aBHCHMOCTH OT ycmOBuit 
OOHTaHHA %KABOTHOTO 


B ToM 4uHcuJIe Pasmepbl, yCJIOBH, e€2HH, 
Uucn0o 
HCCJIEOB. ¢ Kpyruipimn € ARpbiluKaMu 
HKJIONOB * B mopmMe OOLHTOB ame 
ne ApbiIluKaMu base 1, Aep 
Boxoem 102 3) 99 Dj Oat Dio ein) 


AxsBapuyM 108 94 14 5,7X4,0 2,3X1,8 


* Y KaxKOro XKMBOTHOTO HCCJIemOBalocb 20 70 3aKOHUHBIUHX POCT OOWHTOB. 


Cojep2KaBUIMXCA HeKOTOpOe BpemaA (2—7 JHE) B aKBapHyMe, APbILIKH B TeYe- 
HH BCerO OOreHe3a COX PaHAIOT OKPYTIy!0 POpMy, HCMbITbIBAaA TOMHMO yBeuHyue- 
HH Pa3MepOB, JIMUb BakyONH3alut0 (puc. | 3, radu. 1). No-Bugumomy, u3me- 
H€HHe HOPM@JIbHbIX YCJIOBMH PasBHTHA IPH MOMeLCHHH 2KHBOTHBIX B aKBapHYM 
CKa3bIBaeTCA Ha TeMIe€ PasBHTHA NOJIOBbIX KJleTOK. BepoaTHO, CHH2KeHHe TemIa 
PaSBUTHA AHL, B CBOIO OYepeb, CBASAHO C OCMAaOCHHEM JeATeIbHOCTH AJIpbIlKa, 
4TO H BbipaxkacTCa B H3MCHEHHH ero (popMbl. MccneqoBaHuA M0 BbIABJIeHHIO cbaK- 
TOPOB, BIMAIOWIMX Ha W3MeCHeHHe (PYHKIUMOHAIbHOH eATeIbHOCTH AJPbilliKa 
B OOWMTaX IWMKIONa, MpoOkouKaroTcs. 


VWuctutyt witomornu I] 
Akayemun HayK CCCP 10 Il 1958 
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Wornagne Akanemun Hayr CCCP 
1958. Tom 120, Ne 3 


HHTOJIOLH A 


C. A. KPOJIEHKO 


M3MEHEHHE KPHBOM HAIIPS)KEHVE — BPEMSA 
AJIA H3OJIAPOBAHHOFO MbILUEGHOrO BOJIOKHA TPH JIEMCTBHH 
XJIOPHCTOrO KAJIBUNS 


(ITpedcmaeaeno axademuxom E. H. Ilasaoecxum 19 IT 1958) 


B mocueqHee BpeMA ObIJIO NOKa3aHO, YTO 3aBHCHMOCTb HHTeHCHBHOCTH pa3- 
[paxkeHuA OT eFO JWINTeIbHOCTH JIY4le BCero OMMCbIBaeTCA IMMUPHYECKUM YpaB- 


teen 12 ° 
HeHveM 1 = —, + b (*,*). Koncranta fn ompelemaeT HakJIOH JeBO MpAmMOH- 


HeHHOH YaCTH KPHBOM HallpAxXeHHe — BpemsA, H3806parxKeHHOH B OrapucpMu4e- 
CKOM MaCllTa6e, H ee BEJIHUHHA KOeOeTCA Y pa3HbIxX OObeKTOB OT 0,50 no 1,00. 
BenwuuHa f, XapakTepHad JWIA TOTO WIM HHOrO OObeKTa, ABJIAeTCA BeCbMa 
cTaOHJIbHOH HW, MO-BHJMMOMY, He MeHAeTCA MPH H3MeHeHHH ero (PyYHKIHOHAJIb- 
Horo coctosHua. Tak, Haconos u ero COTpyJHHKH He OOHaPy KHIM W3MeHeHHA 
BeJIMUHHbI fl MPH YeHCTBHH Ha HEPBbI HM MbIILLMbI Ppa3JIMYHbIX XKMBOTHbIX IOBBI- 
UI€HHOH WJIH MOHH2KeHHOH TemMepatypbl HW pAsla XMMMYeCKHX areHos (°-8). B Ha- 
CTOAMIee BPEMA MBI elle OU€Hb MaJIO 3HaeM O (PU3HOJOrHYeCKOM 3Ha¥YeHHH 3TOH 
KOHCTAHTbI, H MOITOMY IpeACTAaBJAIOT OOJbIOH HHTepec Te Cy4aH, Kora HMeeT 
MeCTO e€€ H3MeHeHHe MO BJIHAHHEM KaKOro-1HOO dakTopa. 

B wactosmelH paOote u3y4allacb KPHBad HallpsxA»xKeHHe —BpemaA JIA M30Nu- 
poBaHHOro TeTaHuyeckoro BOOKHa H3 mM. ileofibularis TpaBaHoH maryuiKu npH 
TeHCTBHH pa3JIHUHbIX KOHICHTPalWM XJIOPUCTOrO KaJIbILMA, MPpHrOTOBJIeHHbIX 
Ha pacrBope Puurepa. [Ipenapopka u YCJIOBHA pa3qpaxKeHHA BOJIOKHA ObWWIH 
onucaHbl pauHee (°). BowloKkHO pa3ApaxKaJIOCcb OJMHOUHBIMH KOHJeHCaTOpHbIMu 
paspafamMu pasHOH JuuTembHocTH (18—O0,0004 mcex.). [loporu onpeyenamuch 
BH3YaJIbHO 10 MepBOMy 3aMeTHOMY COKpaueHuto. IlomyuenHble KpHBble Hallps- 
*KeHHe — BPeMA H3800Paxaucb B MOrapHdmMuyecKOM MacllTa6e. Koncranta 7 
onpelemasacb TpapwuecKHM MeTOJOM, OlMOKa KOTOPOrO OObINHO He JIPeBbI- 
waer 2—3%. JIiuTebHOCTb aJIbTepalluu KONeOaslach OT 2 MO 7 uac., H 3a 9TOT 
NepHO, KPHBait HalpaAxXeHue — BpeMA ONpesenANach 38—8 pas, Ipuyem Mep- 
Boe ee OPeeseHHe MpOBOAMIOCb, Kak MpaBuso, vepes 1O—25 mun. nocue ayaa 
onbita. AuprepalluaA BOJOKHAa BO BCeX CJIyYYaAX Oblla TOTAIbHOM, a pafparxkeHne 
ero, Kak NOKa3aula CiellMaJIbHad CepHa ONITOB, NpsxmbiM (7°). Bcero Obi0 mocTaB- 
JieHO B OKTAGpe — mapte 1956—57 r. mpu Temmepatype 18—20° 26 onpiros. 

HenoppexkeHHOe H30/JIMpOBaHHOe BOJIOKHO, HaxOfAalileech B pacTBope 
Puurepa, orBeyaer B TeveHHe 10—15 yac. Ha OMMHOUHbIe pas qpaxkennA JuO6On 
CHJIbI H JVJIMTeIbHOCTH OJHHAKOBbIMM MIO BesMYMHeE COKpalleHuamH. KpuBaa 
Hallps2KeHHe — BpeMA TaKOFO BOJOKHA XapakTepH3yercaA KOHCTAaHTOH 7, paB- 
Hoi equHute. Bo Bpema 2—7-uacosoro Aelicraud 0,25, 0,50 1 0,75% xuopucroro 
KaJIbluA, Kak [paBMlO, HerpalyaJIbHOCTb COKpallleHHH COXpaHAeTcA, OHAaKO 
MpOrekaHve OMMHOUHOTO COKpallleHHA CYULECTBeEHHO W3MeHsAeTCH. BusyadbHble 
HaOJIOLeCHHA CBUJETeIbCTBYIOT O TOM, 4TO IPH WeHCTBMH XJIOPUCTOrO KaJIbIlMA, 
BO-II€PBbIX, 3HAYHTeCJIbHO YMeHbIMaeTCA BbICOTa OMMHOUHOTO COKPalleHHA. Bo- 
BTOPbIX, COKPallleHHA CTaHOBATCA Oosee PaCTAHYTbIMM BO BPeMeHH, TvlaBHBbIM 
o6pa3om, 3a cuer (pasbl pacclaGeHuA. SameneHHe (pasbl paccaOJeHHA OCO- 
6eHHO Pe3KO BbIPaxKeHO BO BPeMA MepBbIX COKPAallleHHH Moce Havalla a/lbTepa- 
wun. B sTor mepHod, pacc1a6JleHHe BOJIOKHa MOXKET 3aTATHBATbCA Ha JECATKH Ce- 
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KYHA. B OoubUMHCTBe ONbITOB OHO CYMMHpyeTcaA C HeEOOMbLOH KOHTPakTYy po 
KOTOpad pasBuBaerca B MepBbie 10—14 mun. onbira. 
Ilpu Jelicrpun Tpex HCMbITaHHbIX KOHWeHTpallH XJIOPHCTOTO KabILHA MPOH 
XOMUT MajleHHe BO3OY AHMOCTH BOOKHa JIA TOKOB BCeX LIHTeTbHOCTeH (Tab. 1) 
BOSOYJIMMOCTb JIA CTHMYJIOB MI 
Ta6aunua 1 TesbHOcTHIO 18—O,2 mcek. cHMKaeTC? 
VismMenenve KOHCTAHT KPHBOH HanlpsxKeHHe — eas ala 10—30 UE NG 50—60 
BPeMA JH H30MPOBAHHOTO MBILIeYHOrO OT HCXOJHOH H B JlaJIbHeHUIemM yep 
BOJIOKHa MIpH JeHCTBHH XJIOpHCTOrO 2KHBaeTCH Ha 3TOM YPOBHE C He€3H 
MaDe H YHTeCJIbHbIMH KOJeOaHHAMH JO KOHL 
aslbTepalluu. Bo Bcex ombirax c 0,25 


— iz 

Konyentpauna | . 2 = re XJIOPHCTbIM KaJIbILMeM HM B HE€KOTO! 
areuTa es) gee tee (Mose nell ae PbIxX OMbITax c Ooulee KPeNKUMH KOH 
S| s| siipes ILCHTPalWAMH TakxKe W3MeHAeETCA fF 
3 BO3OYJMMOCTb, ONpeyeinemaA Is 

. 354 = ep = i ae TOKOB MaJIOH JwuTeIbHOcTH (0,04 
0.50% 12 10,38] 91] 7 (1,27*  0,0004 mcex.). BenwuunHa KOHCTAaHi 
0,75% 9 /0,42|180; 8 |1,74* TEI n B STHX OMbITaxX He H3MeHAMACH 
BocctanoBusienne | 13 10,19! 38 Onde O0 u Oba paBHa 1,00. 


Se Omuako B 58% curyuaes elicTBus 

* BsaTbl TobKO Te cayyan,rgen>1,00. 0,50% CaCl up 89% cayuaes jel 

, cTBua 0,75% CaCl cypuru Bo36y{ 
MMOCTH JVIA TOKOB MaJIOH JWIMTCIbHOCTH OTJIMYaJIMCb OT BbIMeONuCaH: 
HbIX. HaunHad c ompeseeHHOH uTebHOCTH pa3qpaxenua (0,084 
0,04 mcek.), HaOwrofjamocb TeM OOJIbllee TaweHHe BO38O0YHMOCTH, 4eM KO} 
poue Obl paskparKalollui CTHMYJI, T. €. BeJIM4HHa KOHCTAHTbI N CTaHOBMJACc! 
Oomblue enunuupt (1,08—2,90) (puc. 1). Cnenyer ormerutb, 4To B 3THX Oni} 
TaX HaKJIOH KPHBOH HalpaA»xKeHHe — BpeMsA oOlpeyenaca He m0 5—6 TouKam 
Kak OObIUHO, a 10 2—3. Oro OOYCJIOBJEHO TeM, UTO NOPOTH AA CTHMYJIOB MaJiO! 
JWIMTEIbHOCTH OKa3bIBaIOTCH BeCbMa He€YCTOHUHBbIMH HM YaCTO H3MeHAIOTCS 
m0 Xojly Hx onpeseteHua. []o-BHAHMOMY, Ha HX BeJIHUHHE CYLCCTBeHHO CKa3bi 
BaeTCA “acToTa, C KOTOPOH Mmpo- 
BOJMTCA pa3parKeHHe BOJIOK- 
Ha, a TaKxKe cmoco6 onpeyese- 
HHA MOpora: OT MeHbIUMX pa3- 
ApaxkeHuu K OO bUIMM WIM Ha- 
odopor. O6bmuHO MmpH ompere- 
JIGCHHH KPHBOH HanpsxXeHHve — 
BPeMA HCHOb3OBaICA TWepBbIli 
H3 3THX CMOCOGoB. 

KpuBpie HallpaKeHHe — 
Bpema Cn > 1 moxHO O6bIIO 
HaOJlOaTb Kak B TeYeHHE BCero Bd 
OllbiTa, Tak HW Ha ONpeleseHHom 
ero 3Tale: vale B NepBble 2— Puc. 1. Vsmenenue xpusoii HallpaAxKeHHe — BpeMA 
3 yaca, pezke B KOHWe HAH noO- AIA H30mMpoBaHHoro MbIWWeYHOrO BOOKHAa Mp pelcT- / 
cepetune. B mocnequux cay- Fre LOL ETE ADEA one ot 29 XI 1958. 
Tax WHOra y]laBasiocb yJo- wun, 2 — 30—45 eae 3210-930 wen. dol 
BHTb NMOCTeMeHHOe YBeIHYeHHe 300—320, muH. | 
HIM YMCHbINeHHe BeJIHUHHDI 
KOHCTaHTbI 1 (puc. 1). M3 puc. 1 BugHo, uro usmeHeHue MOPOroB JWI TOKOB. 
MaJIOH JJIMTeJIbHOCTH He COMNpOBoxaerca COOTBETCTBYIOILUM H3MCHCHHEM I a-. 
BOH 4aCTH KPHBOH HallpaKeHHe — Bpema. | 

Bo Bcex onbirax mocue 3ameHbI aJIbTepUPYlOWlerO PacTBOpa Ha HOPMAJbHbIit | 
MPOUCXOfuT ObICTpOe BOCCTAHOBeHHe KaK HCXOJHOFO XapakTepa COKpallleHuu , 
Tak HUCXojHOH BOSOY MUMOCTH. Y2Ke NepBbIe KPHBbIe HallpaAKeHHe—BpemsA, TMouy- 
TeHHbIC yepes 5—10 MMH. Moce Hayala BOCCTaHOBeHUA, uMeIOT n = ee: | 
10 BeunHe KOHCTaHT @ Ub OHM BeCbMa ON3KH K HCXOLHOL (ra6n. 1). 
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#2, 


Takum oOpasom, lpm JelicTBuH Ha MbllueuHOe BOOKHO 0,50 u 0,75% xuopu- 
-TOFO KaJIbILHA B PAe OMbITOB HMe€eT MECTO OOPaTHMOe H3MEHEHHE BEJIHMUHHbI KOH- 
STAHTHI fl. ITO ABJICHHE BCTPeuaeTCH TEM Yallle H BbIPaxKeHO TeM Jyullle, YeM BBIILe 
feHCTBYIOULAA KOHWeHTpallua. CiekyeT OTMETHTb, 4TO IPH AecTBHH Ha U30VIN- 
DOBAHHOe BOJIOKHO JPyrHX areHTOB: XJIOPHCTOrO KaJluA, WuTpata HaTpHA, 9TH- 
IOBOFO CIMPTA, &-HHATPoOPeHoa, MOHOMOMallerara — HaMH HHKOM a He HaGuJIO- 
[aJIuCb U3MCHCHHA BeJIHUHHbI KOHCTAaHTH! nN. M13 Bcex 3THX AFCHTOB TOJIbKO XJI0- 
DUCTHIM KaJIbIHH BbISbIBAeT 3HAYHTEIbHOe YMeCHbIUeHHe HM 3aTATMBaHHe OMHOU- 
{bIX MbILUeCUHbIX COKpameHul. Bompoc 0 NpHynHaxX H3Me€HCHHA KOHCTaHTbI N pH 
JeEHCTBHH XJIOPHCTOFO KaJIbUMA HYXKMaeTcA B [aIbHel Wem IKCMePUMeHTAaJIbHOM 
A3VUeHHH. 

IIpupemeHHble JaHHble CBHJeETEIbCTBYIOT O TOM, UTO BeJIMYMHA KOHCTAHTbI Nn 


F a 
B SMIMpHueCKOM YPaBHeHHH 1 = 7A + & moxker mpeBbliaTh equHuiy. Ana- 


JIOTHUHbIe KPHBbIe HallpxxeHHe — BpemMaA ObWIH WO CHX NOP ONMHCAaHbI TOJIbKO 
B CTapoH paOore OxresbMauHa ("1"), BbIMOJIHeHHOH Ha HOPMaJIbHOM MOUCTOUHHKe 
KpovluKa. 


MucrutyT WauTouoruu Tlocrynusao 
Axkajylemuu HaykK CCCP 12 II 1958 
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CHCTOJIO'H} 


JIM 4KAO-TI 


JEMCTBHE MPOTEMHAS HA BEJIKH HEPBHbIX KJIETOK 
CNMHHOrO MOSrA 


(IIpedcmaeaeno axademuxom H. H. Anuukoeom 17 IT 1958) 


Ileppoe mpumeHeHve MpoTenHas JWIt THCTOXMMMYeCKOFO H3yueHHA HeEPBHBI] 
KleTOK OTHOCHTCH K Mpollomy croueruio. JlocTOBepHOCTb pe3yJIbTaTOB, MOJI\) 
UCHHbIX THCTOXHMHUCCKUMH MeTOJaMH, OCHOBbIBaeTCA Ha CrelM@MYHOCTH Ip 
TCONUTHUECKUX ePMeCHTOB, MPHPOTOBJIEHHBIX B KPpuCTasIMYeCKOK opmé 
BuoxumMuuecKkue JlaHHble OTHOCHMTeIbHO J[eHCTBHA MencHHa, TPHNCHHa HU XHM 
TPHMCHHAa CBUJCTEIbCTBYIOT O TOM, UTO KaxK]bId U3 3THX CPepMeHTOB OOJlaya 
CHeMMPHYHOCTHIO B OTHOWeHHM MeCTa PaclleMJIeHHA OeMKOBOM MOJIEKYJIbI 
mentugp (778). | 

3anaua HacTosiell paOoTb! COCTOAa B TOM, UTOOI H3Y4HTb paciipeeent 
aMUMHOKUCMIOT (THPO3HHa, THCTHAMHa, TpuNnTodaHa), CBASAHHbIX C OeKOM pas 
JIMMHbIX OPfaHOHJOB HepBHOM KJIeTKH HeKOTOPbIX MO3BOHOUHBIX, HM MpoBec 
CpaBHeHve YCTOMUYMBOCTH STHX OeIKOB K JeHCTBHIO NpoTenHas. 

Visyuasca CHMHHOM MO3P KOWIKH, KPbICbI, rOyOA MW AATYIWKM, B3ATHIN Hf 
ypoBue lieuesoro criereHua. Marepvas puKcupoBasica B wKuAKOCTH KapHy 
HW 3aJIMBaJICa B NapacbHH; MpPHFOTOBATUCh Cpe3bl TOMMMHOK BOO uw. Jia usyu 
HHA PacipeleIeHHA AMMHOKUCIOT MPUMeHANACh TeTpasOHHeBad peakunsa (°,™ 
WIA W3YYCHHA HYKJICHHOBbIX KUcoT — meToy Bpauie. Jia cpaBHenua ycroi 
YHBOCTH KJICTOUHbIX OeJIKOB Cpe3bl CIMHHOTO MO3Pa 2KHBOTHDIX Pa3sHbIX BUG 
NOWBeprasucb elicTBUIO PaCTBOPOB KPHCTaJIHYeCKUX (PePpMeHTOB: Telncnk 
(2 mr/ma B 0,02N HCl, pH 1,6), rpancuxa (0,1 mr/ma B 0,05 M docdatHo 
6ydepe pH 6,0), xumorpuncuna (0,1 mr/ma B 0,05 M cdocdatHom Oydepe pt 
6,0), puOonyknea3b (1 Mr/Ma B AMCTHIMMpOBaHHOH Boe). Cpesb nHKyOupa 
Balucb upu 37°. Bpema wuxyOaunn or 15 mun. no 3 vac. Kontrpompupie cpes4 
HMHKYOHpOBaJlHCcb B TeX Xe YCJIOBHAX, HO O6e3 OOaBJeHHA epMeHTON 
Tlocne wHkyOalluH B cCpe3ax YTHCTOXHMHYeCKHMH peaKUHAMH BBIABJIAJIMC 
Genku. cCojepxKaulue THpO3HH, THCTHAMH H TPuNTOdaH HM HYKJeMHOBbIe KHC 
JIOTI. 

Brio HaleHO, UTO BCe KJeTOUHbIe CTPYKTYPbl CMMHHOFO MOS8ra COjepxKa 
6eKH, OoraTbie THPO3HHOM, TpunTodaHom u rucTHAMHOM. B Helipoue (puc. 1 A 
HanOOJIbluad KOHICHTPallWA UX HMeeTCA B APbIMUKe, AMePHOU OOOMOUKe, THI 
pouye, HeipouOpuiax Wu OAWIKaX CHHaNTH4YeCKHX allmaparTosB. Besku APbILWK 
BbIABJIAIOTCA B BUC TOMOreHHOH GeccTpyKTY PHO MaCCbl, COsep Kalle OK PyTvIble 
OeCUBeTHbIe BAKYOJIN, BEJINUHHbI HM KOJIMYeCTBO KOTOPbIX HEOMHAKOBbI B Pa3Hbl. 
KJleTKax. Bowee KpynHbie AXpbilKu cofepxaT Ooubllee 4NCIO Bakyouen 
Spo colepxur CeTb TOHKHX HuTeH (axXPpOMATHHOBbIX HUTeli MOpdbomoros), H 
KOTOPBIX PaCMOJIOXKeHbl MeJIKHe TpaHywJIbl Oewka, COOTBETCTBYIOWMe TibIOKal 
XPOMaTHHa TipH WHTOMOPHYeCKHX OKpacKax. KoumuectBo Oeska MpaAmMO NponoE 
WWHOHAIbHO BeIMUHHeE Apa u kKuleTKH. HetpopuOpuatb! B WeHpuTax BbIABJIA 
IOTCH B BU TOHKUX BOJOKOHEeL. B Teste HeHpoHa 3a HeHipou6pusdamu npocue 
AMTb TPYIHO NO TpHuHHe OObUWMX CKONNeHHM Turpouya. Y KoHYyCca HelipuT 
(PHOpuJIbl CobupaioTca BMeCTe HM MpHoOperaior Goee UHTCHCHBHY1O OKPacky 
Ha nonepeunpix cpe3axX KPYNHbIX aKCOHOB OeOro BeleCTBa H NepeMHUX Kopel 
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Puc. 1. Pacnpenenenne Genkon, cofepxKallux THPO3HH, THCTHAMH HM TPHNTOpaH, B CTpyKTypax 

HefipOHOB mepeHUX poroB cnHHHOrO Mostra. A —B Hopme, b—I/’ — mocue oOOpa6oTKH cpe30B 

pacrBopaMu Kpucrammueckux mporeuHas. 6 —rtpuncun 2 yaca, B — xumotpuncuh 2 yaca, 
T —nencun 30 mux. Caepxy BHH3 (4A Kaxforo BapwaHta): KOUIKa, FoulyOb, AArywika 


TMAH. vt. 120, Ne 3, Jlu Gxao-79 


KOB Helipo*uOpuisbl MMeIOT BU, MCIKUX TeMHO-CHHUX TOYeK, OKPalleHHbIX HH- 
TeHCHBHee, YM OKpyKalollat akcomasma. Cosjaerca Beuatienne, uTo (u6- 
/PHAJIbI MOTOHEHPOHOB JIATYIUKH Oomee rpyOble, eM B MOTOHeHpoHaXx pyrux 
BYOB 2KMBOTHBIX. 

: _Turpouy B Buje HHTCHCHBHO OKPaleHHOTO BelleCTBa PaciipekeAeTCH MEATY 
HeupoduOpusiaMH B JeHpHTax B Tee KJeTKH, HO OTCYTCTBYeT B akCOHe H 
B mecTe ero OTXOxKeHHA OT KMeTKH. MHTeHCUBHOCTS TeTpasONueBOli peak 
/B Turpoute HEOAMHAaKOBA B OTIC/IbHbIX KI€TKAX OHOFO THMa (HallpuMep MOTOp- 
HBIX, BCTABOUHbIX H UYBCTBHTEIbHBIX Heliponax). Uacro sexauue paAyom 
KJ€TKH OAHHAKOBOM BEIMUHHbI UH (POpMbI MWOKa3biBaloT Gob WHE pa3sIHuHA B 
MHTCHCHUBHOCTH OKPaCKH. OTH Pa3/IHUHA He MOryT ObITb apTedakTamu, OHH 
Ckopee CBHJCTEIbCTBYIOT O JaOWIbHOCTH OeKOB THTpOHa pn HOpMaJIbHO! 
(PU3SHOMOPHYeECKOH aKTHBHOCTH HePpBHbIX KuleToK. KomneOanua B cojlep»kaHuu 
Oemka CpeH KJeTOK, BbINOJHAIONINX OJMHakoBy10 (byHKMMIO, HallpHMep B MO- 
TOHEHPOHAX, B OOJIbUIel Mepe BbIpaxKeHb! Y KOUWIKH i KPbICbI, MCHe€e BbIParKeHbI 
y romyOs uM He YJaBJIMBaloTCH y JIATYUIKH. 

Y XKHBOTHDIX Pa3HbIX BHOB XapakTep paclipeledenusA u Cosep2xaHHe GeKoB, 
CBA3aHHBIX C THIPOMOM MOTOHeHPOHOB, pa3/IMUHbI (pve. 1). Benku rurpouga 
MOTOPHBIX KJI€TOK MepeHHX POPOB CNHHHOFC MOS8La KPbICbI MPeMCTAaBAIOT COOOK 
KOMMaKTHY!0 MaCCy H3 HHT€HCHBHO OKPaleHHbIX TIbIOOK, MJIOTHO TpHuerato- 
WHX Upyr K Apyry. Y ronyOa Genku Turpovsa OKpallmBaloTcA MeHee HHTeH- 
-CHBHO H lpeJCTaBJIeHbl PiblOKaMH MeHbluero pa3mepa. Y KOWKH OHH HeYeTKO 
| pasrpaHu4ueHb! Ha OTJeNbHbIe TIbIOKH HU Ca60 OKpalleHbl. Besmku Turpouja 
-MOTOHeHpoHa TIpeACTaBJIeHbI MeIKHMH AuNdpPpy3HO pacnosox*weHHbIMH PibiOKaMH 
BbITAHYTOH POPMbI, HMeCIOULHMH Pe3KO MOJIOXKUTeIbHYIO PeaKILHIO Ha aMHHO- 
-KHCJIOTHI. 

Buia WKH CHHAalTHYeCKHX alllapaToB, paciOJIOxXKeHHBIX Ha NOBEPXHOCTH KPyn- 
HbIX MOTOHEHPOHOB, JalOT HHTCHCHBHYIO peakUMio Ha amuHOKUCIOTHI. L]uto- 
Mla3Ma SMeH HMB! Oorata Oeskamu. B kyleTKkax PIMM HaM YJalocb OOHaPpyXUTb 
OeIKH, BKJIOUaIONHe B CBOH COCTaB TepeuMCJIeHHbIe BbIe aMHHOKMCJIOTbI 
TOJIbKO B AApax. OTpocTKu TuiuaJIbHbIX KJIETOK MO HHTCHCHBHOCTH OKPaCKH He 
OTJIHYAaIOTCA OT OKPY2KAIOULMNX TKAHEBbIX QIeCMEHTOB. B nepudbepuyeckux HepBax 
NOJIOXKHTEJIbHY!IO PeaKIWHIO Ha OGJIKH NOKa3bIBalOT CTPYKTYPbI OCeBOTO WHJIHH]- 
pa W WBaHHOBCKOH kKJieTKH. B WBaHHOBCKOM KJleTKe OeKH OOHAPyKUBAIOTCA 
B Ape, MpoOToMmasMaTHyeCKUX TpaOekyaxX H HeEBPOJeMMe. 

Pe3ybTaTbl CpaBHUTeJIbHOrO VM3yyeHHA eHcTBHA NpoTewHa3’ Ha OeNKU 
CTPYKTYPHbIX KOMMNOHEHTOB HePBHbIX KJIeTOK TWepeJHHX PpOroB CNHHHOFO 
MO3ra Pa3HbIX XKMBOTHBIX TpuBefeHbl B TaOw. 1 uw Ha puc. | 5—T. 

B ombirax C NpoTeHHa3aMH BbIABHJIOCb, UTO PpaHYyvJIbl Aep KPYIvIbIX He po- 
HOB COepxKaT OeJIKH, YYBCTBUTeJIbHbIe KO BCeM HCIOJIb8OBaHHbIM HaMH (pep- 
MeHTaM, B TO BPeMA Kak “BOJIOKHHCTaHA» (ax POMaTHHOBAA) CeTb Apa Soulee ycTou- 
yuBa K JlelicTBuIo TpumcuHa. M3 storo MOX*KHO CielaTb 3ak/OUeHHe, YTO OeKH 
«BOJIOKHHCTOH» CeTH Apa OoraTbl KHCJIbIMH HM apOMaTH¥YeCKHMH OCTAaTKaMH. 
Cox paHHOCTb CTPyYKTYPbI AJep B MaJIbIxX 10 pasMepy HeMponax HM TuiuM NocHe 
MOMHOrO yaseHuaA BCeX OeIKOB B pe3yJbTaTe BO3JeHCTBUA MpoTrenHa3amu 
OObACHACTCA CTOMKOCTbIO K 3THM aleHTaM jle30KCHPHOOHYKJICHHOBOM KUC- 
JIOTHI. 

Turpoug u AXPbILUKO TepAIOT OOMbLUy1O YaCTb CBOeH pHOOHY KJIeHHOBOH KHC- 
JIOTH! B nepBbie 15 MMH. BO3elicTBUA TpuncHHOM. OcraBliMecd GeKH YCTOHUMBBI 
K JIeHCTBHIO TpHICHHa B TeveHHe 2 YaC., LalOT NOJOXUTEIbHY!O PeakILMtO Ha TPH 
AMMHOKUHCJIOTHI H JIMLb C2KUMAIOTCH B MaCCY MeHbIJero pasMepa. XUMOTPHMICHH H 
MelCHH MpakTHueckH JelicTBy10T Ha BCe OeKU THTPOWAa Hu ApbILlika, HO PHOOHYK- 
JleHHOBad KUCOTa MpH 2TOM coxpaHserca. Iloce yRatenua PHK c nomouybio 
pHOOHYKJeasbl KOMMYeCTBO H pacmpesxeteHHe OeKOB B HePBHOM KuJleTKe He 
yW3MeHserca. Sto JaeT OCHOBaHHe TIpemnouaratb, uro PH K HaxOJHTCA B KOHEeU- 
HOM MOJO2KeHHH B OeKOBOM MOJIeKYJIe H B MpAMOK CBASH C OCHOBHBIMH aMHHO- 
Kucnotamu. Korga OCHOBHbIe AMMHOKUCJIOTHI OTULENIAIOTCA MPH TPHIMTHYeCKOM 
rnapomuse, PHK yHocutca u3 CTpyKTYp BMecTe C HUMH. OctaJIbHble 6eJIKOBbIe 
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1 MaKcHMaJIbHOe 3HayeHHe B KOHTpOovie +++. *JJHK — Ha ocHoBe afep MaJbIX HelipoHoB u Heliporsni. 


KOMIOHCHTbI THPPOH a YCTOHUMBHI K eucTBHIO 
TPHMCHHa, HO YYBCTBUTeIbHbI K XHMOTPHI- 
CHHY H NemncuHy. Moxxo cuntatTb, uTO OHH 
HM€IOT KHCJYIO IPHpOy UH comepxKaT muHOoro 
apOMaTH¥eCKHX rpynn. Ham na6smoxenua 
NOATBEpxXaioT cooOpaxenun TI. VW. Pocxu- 
Ha (™,1”) no stTomy Bompocy. 

7lpyrue kulerouHble opraHonyb! mposB- 
JIAIOT HeOHHAKOBYIO UYBCTBHTEIBHOCTbh K 
pa3sJIMYHbIM MpoTedHasam. Tak, Helpodu6- 
PHJIJIbI OTHOCHTEIbHO YCTOHYHBHI K TPHICHHY , 
HO UYBCTBHTEJIbHbI K MelncHHYy; AjepHaa O60- 
JOuKa HanOoulee YCTOHUHBa K TPHIMCHHY, TO 
PrOBOPHT O MpeHMYLeCTBeHHOM COjlepKaHHH 
B S3THX CTPYKTYpax Oe€KOB KUCJIbIX AaMHHO- 
KucloT. KaerouHad mMemMOpana u OA WKH 
CHHalcOB HaHOoulee ycTOMUHNBbI K XHMOTPHI- 
CHHY, UTO YKa3bIBaeT Ha HaJiMuHe B HUX Kak 
OCHOBHBIX, TaK H KHCJIbIX aMHHOKHCJOT. 

ViutepecuHbl pa3ivuua B ycroluMBocTH 
OeIKOB KJICTOUHBIX OPraHOHOB Heli pOHOB 
YKMBOTHBIX Pa3HbIX BHOB K JleHCTBHIO Mpo- 
TeuHa3. Benku Turponnta u Helipodpu6pusa 
JIATYWKH HanOoee yCTOMUNBbI K pa3HbIM 
MIpoTeHHa3aM; y rouyOa OHH 3aHHMalIOoT IIpo- 
MeXKYTOUHOE NOMOKeHHE, a Y KPbICbI H KOWKU 
HaumeHee ycTowunspl. Mcxoqa u3 nu310%KeH- 
HOFO IIpeACTaBJIAe€TCA BO3MOXKHBIM IIpeAMos0- 
XKHTb, YTO JaOWIbHOCTb OeIKOB Helpoduo- 
PHJIJI W THTpOHAa MOBbIIlaeTca y Oomee BbICO- 
KOOPraHH30BaHHbIX KHBOTHDIX. 


VWUucrutyt mosra 
Axkajyemuu Tocrynusto 
MeHIMHCKHUX HayK CCCP 14 II 1958 
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A. K. ®EOPOB 


K BONMPOCY O MPHPOAE MEPBOrO NOKOJIEHHA rUBPHAOB 
MEXKAY APOBbIMH COPTAMH PACTEHMM, JBYPY4UKAMH 
HW O3SHMMbIMU 


(IIpedcmaseaeno axademuxom T. J. JIotcenko 11 III 1958) 


B autepatype pacipocrpaHeHo MHeHHe, 4TO B MepBOM NOKOJIeHHH rHOpHjOL 
M@KY APOBLIMH HM O3HMbIMH pacTeHHAmMM JOMHHUpyer apoBoctb ((1,”,°) H Zp.)} 
B ro 2Ke Bpema” u3 psa paoor ((*,°,”) H Ap.) HSBeCTHO, UTO TlepBoe NOKOJeHHE 
THOpHJOB MexKAy ApOBOl u O8HMOM NWeHHMeH Mepe3HMOBbIBaeT Jyulle, 4eN 
POAMTeIbCKHH SAPOBOHM COpT. 

Vispecruo, UTO 3HMOCTOHKOCTh pacTeHui TeCHO CBA3aHAa C OCOOCHHOCTAMH Hy 
pasBuTHa. BosMOoxKHO, 4TO pasHad YCTOMYMBOCTb pacTeHHH W3 MepBOro MOKOWJIe 
HUA THOPHAOB M@XKY APOBbIMH H OSHMbIMH COPTaMH UM APOBbIMH COPTaMH C po 
JIMTeJIbCKHMH B H3BeCTHOH CTeMeHH CBA3AHA C HEKOTOPbIM Pa3JIM4HeM MX NO THT 
pasBUuTus. 

C evlbiO MPOBepKH ZTOFO NpeANOMORKeHHA HAM Oblla MpOBeweHa CePuA OMB! 
TOB,,Ha YaCTH KOTOPbIX MbI HM OCTAHOBHMCA B JaHHOM paodore. 

Mobi mpoBogwin CKpeulMBaHNe ApoBoH nWeHub! Jliorecllenc 62 C O3HMOl 
Jlrorecuenc 329, apoBoH mutenump! MockosKku ¢ o3umol JIorecienc 329, a TakxK 
yKa3aHHbIx COpTOB C NiWeHHueH WBypyukoH Hos. Ilpopoquauch u Apyrue cKpe 
IMBaHHA, Ha KOTOPbIX MbI He OyJeM 3eCb OCTaHaBJIMBaTbCA. 

PacreHua TepBoro MOKOJIeEHHA THOPHAOB OT CKPelMBaHHA JBYPyyeK C APOF 
BbIMH, TaK »K€ KaK H O3HMbIX C APOBbIMH, IPH BeceHHeM TloceBe 10 CBOeMY THIY 
pa3sBUTHA HalOMHHaJIH UCXOJHbIe POMUTeEMbCKHE APOBbIe copta. Tak, HalpuMep) 
y ApoBol nieHnup Jlrorectlenc 62, mocextHHOH 5 Max, KOJIOIWeHHe ObIIO OTME? 
yeHo 21 wioHsA, Y APOBOH MWeHUIb! MockoBku — 24 uiona. PacreHua nepBore 
MOKOJI€HHA OT CKPeCLIHBaHHA MIWeHHILbI JBypyakuH Hogs c apoBow nwieHuuen JIto7 
TecleHc 62 BbIKOJIOCHIHCb 25 WIOHA, OT CKPeUIMBaHHA C APOBOH MWeHHWeH Mc- 
CKOBKOH — 28 wIOHA, a OT CKPellMBaHHA O3HMOH Menus JIrorectlenc 32% 
c MockopKoi — 4 nous. 

VMHad KapTuHa HaOwJl0Jalacb B MOBeMeHHM FHOPHHbIX PacTeHHH TepBOrc 
MOKOJICHHA OT CKPeULMBaHHA MWeHHUbI JBypyykH Hos c o3umon JItorecileHc 
329. B Hallux OlbITaxX 9TH paCTeHHA WOTOe BPeEMA HAXOMIHCh B (pase KYMICHHA, 
He BbIXOAWIM B TpyOKy, HalOMHHaA OObINHbIe OSHMbIe pacTeHuA. OWHaKoO, B OT: 
JIMUHe OT MOCeAHUX, OHH, XOTA H C OOJIbIOM 3ajepxKKOU, HO BbIKOJIOCHJIMCH. 
PacreHusl NepBOro NOKOJeHHA OT CKPeWIMBaHHA MWIeHHIbI ABypyyKu Hos (2 
MH O3HMOH MleHHUbI Jliorectenc 329 (3) BEIkONOCHAMCh Aub 22 aBrycta, < 


c 
pacreHusa TOM Ke KOMOHHALMN OOPaTHOrO CKpeLIMBaHHA — ele 1o3qHee— 3 ceH 


TAOPA. SeCb UeTKO CKa3bIBAETCA BIMAHHE MATePHHCKOPO CopTa Ha MposouxKU 
T@JIbHOCTh BereTaHOHHOrO TepHojia. 

Kak BHHO, MO CBOeMy THY pasBUTHA pacTeHHA MepBOro MOKOMeHUA 3aHH 
MalOT TIPOMexKYTOUHOe NOMOKeCHHE MEXKTY POAMTeMbCKHMH COpTaMhH. 

M3 yannpix Ta6a. | BuAHO, YTO pacTeHHA MepBOro NOKOMeHUA THOPUAOB MEK 
Ay MmMennyet JBypy¥KOH HM ApOBOH, a Tak2%ke MexKY O8MMOM HM APOBOH Np) 
BECCHHEM Tlocepe MO TEMMaM CBOeFO PaSBUTHA MOUTH He OTMYAIOTCA OT POMNTEIL 
ckoro sposoro copra. IIpu oce#Hem xe noceBe 11 u 21 asrycra y pacrennii nep 
654 


Taonmuna 4 


BuauaHne CpOKOB TloceBa Ha pa3sBuTHe NepBoro NOKOJIGHHA rHOpuzoB u HMCXOJ,HbIX 
poAuTeJIbCKHX COPTOB 


IlpogzomKUTe bHOCTh 

Cpok lata nepHosa OT NOWHbIX 

O6neKT ee, nuddepennuannn BCXOAOB AO Wudde- 

moceBa TOUKH pocta peHunanhu TOUKH 
pocta B JHAX 

JlroTecuenc 62 ov ul W) 13 
Hos oV 41 VI 24 
Jirorecueuc 329 av. He ObLIO — 
F, Jltorecuenc 329 x JItorecuenc 62 Sey 3 VI 16 
F, Hos x Jitorecuenc 62 ay Wi 2 VI 15 
Jliorecmenc 62 44 VIII DIX 14 
Hos 14 NIT 24 X 64 
Jltorecyenc 329 44 VIII He 6bII0 — 
F, Jlrorecuenc 62 « Hos A VALET 149 1X 29 
F, Hos x Jiorecuenc 62 44 VIII LOW 30 
F, Jlrorecuenc 62 x JIrorecuenc 329 14 VIII 2 UX ol 
F, Jlrorecuenc 329 x JItorecueuc 62 44 VIII 29 IX 39 
F, Jlrorecyeuc 329 x Hos LARVELUT He ObIIO — 
JltoTecuenc 62 24 VIII 24 1X 2| 
Hos 241 VIII He ObIIO — 
F, Hos x Jltorecuenc 62 Zeal Ox oD 
F, Jlrorecueuc 329 x Jlwrecueuc 62 21 VIII 24 X D4 


BOrO MOKOJICHHA S3HAYHTEIbHO 3aepxKUBallach WuddepewuualuA TOUKH pocta 
MO CpaBHeHHIo C pacTeHHAMM POfUTeIbCKOrO sApoBoro copta JIroreciteuc 62, 
npwuem y rHOpHAOB Mex/ly ApOBOH u O3UMOM MUeHuMel 9Ta 3alepxKKa B pas- 
BUTHH Oblia OObUWe, eM y THOPHAOB Mex Ly APOBOH NWieHuWeH u ByPy4KOH. 
CpBolicTBa, XapakTepHble WIA JBYpyy4ek, BbIpaxeHbI Y pacTreHuli MepBoro MOKO- 
JI@HHA OT CKPelHBaHHA APOBOrFO copTa C ABypy4KOH B MeHbIleH cTemeHH, 4eM 
y poqurTesbceKoro copta ABypyyKu. Ilo npoxouxKUTeIbHOCTH NepHOsa OT MOJHbIX 
BCXOJOB JO LuddepeHuualluu TOUKH pocTa pH OCeHHUX CpoKkax MoceBa pacTeHHA 
MepBoro NOKOJICHHA 3aHHMAaIOT B H3BeECTHOM Mepe CpesHee MOJOKeHHeE Me*KY 
pOJUTeJIbCKHMH CopTamH. Y pacTeHHii NepBoro NOKOJIeHHA PHOPHAOB MexK/Ly Mle- 
HHUeH JBYPYYKOH HW O3HMOH MpH MoceBe B 9TH Ke CPOKH, TOUKAa pocta, NOJOOHO 
O3UMbIM, B TOA moceBa He AuddepeHuupoBaacb. 

Panee Hamu OTmMeyasocn (°), YTO XaPakTePHOH OCOGeHHOCTHIO ABypy4ek, CIO- 
COOCTBYION[eH HX 3HMOCTOHMKOCTH, ABJIACTCA UX CNOCOOHOCTh 3HAYHTEIbHO, 10 
CPpaBHeHHiO C APOBbIMH, 3aepxuUBaTb LudpepenHUuallulo TOUKH pocTa pH OCeH- 
HeM TOCeBe MO BJIMAHHeM KOPOTKOrO JHA, CaOOH OCBeLICHHOCTH, OTHOCHTEJIb- 
HO MOHMKeHHOH Temiepaty Ppl. 

Orctoya BHJHO, YTO TepBOe MOKOJIeHHE OT CKPeCUIHBaHHA APOBbIX C ABYpy4- 
KaMH JO H€KOTOPOH CTeMeHH HW APOBbIX C O3MMbIMH B 3HAUHTeIbHOM CTeMeHH MO 
THY pasBuTHA UpHOsmuxKaerca K ZBypyuKam. Ileppoe noKomeHHe rHOpHACB 
HallOMHHaeT JBYPYUKH Tak?Ke NO HeKOTOPbIM Apyrum cBolictBam. B yacruocrTa, 
y pacreHuli nepBoro MOKOJeHHA MpH OCeHHeM MoceBe HaOJIOMaeTCH 3HAUHTEJIb- 
HOe CHH2KeCHHe HHTCHCMBHOCTH pocTa, H3MeHeHHe (POpMb!I KycTa B CTOPOHY CTe- 
juoulelicd WIM ON3KOH K Hel. Tak, Hampumep, IpH u3mepenun 27 X BbICOTHI 
pacrenuit or nocepa 21 VIII oKka3anocb, uTO cpeyHAA BbICOTa APOBOH MIle- 
HUIbI JItorecuenc 62 Onita 11 cm, aBypyuKu Hoa 4,3cm, rMOpusoB MepBoro NOKO- 
jleHuA ApoBad miuenutia Jliorecttesc 62 yBypyyKa Hos 5,6 cm, apoBas Jltorec- 
teuc 62 o3umaa JIrorectenc 329 4,8 cm. 

Tleppoe nokoseHue THOpHA0B MExKAY APOBbIMH HM O3HMbIMH AYMCHAMH TO 
CBOHM OCOOeCHHOCTAM Pa3BHTHA MW poOcTa B HalUMX ONbITaxX Tak*Ke HaMOMHHAaJO 
JBy pydKH. 

Orcioya clleqyer, YTO TepBoe NOKONeHHe FTHOPUAOB APOBbIX COPTOB C O3H- 
MbIMH 10 CBO€MY THITY pa3BHTHA B H3BeCTHOM Mepe HaMOMMHAaeT ABYPYUKH, ATO, 
BepOATHO, H ABJIAeTCA OMHOM H3 IPHYHH UX 3HAYMTeI_HO MyuWieH MepesHMOBKH 
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Up OCeHHeM ToCceBe, MO CpaBHEHHIO C POANTeIbCKHM APOBbIM COPTOM. Tak 
HallpHMep, B OJHOM H3 HallmMx ompbiros B 1955 r. nepBoe noKoeHue rHOpAzO 
KOMOHHalHH Jltorectlenc 329 x MockoBka oT noceBa 6 IX mepesHMoBaO, B T 
BpeMA KaK ApoBasd MueHHwa MockoBka oT 9TOFO *%Ke CpoKa MOceBa MOJIHOCTb 
nornOuia. | 

Tlepe3umoBka NepBoro MOKOJIeHuA THOPHAOB, Tak *Ke Kak H AByPyyek, B 3Haip 
YATeIbHOH CTeNeCHH 3aBHCHT OT MpaBHJIbHOTO BbIOOpa CpOKa OCeHHeroO MOceBal 
Ileppoe nmoKojeHHe HeOOXOAHMO CexATb B TaKOH CPOK, 4YTOOI OHO He ycnel 
C OCe€HH NpucTymurTb K POPMHPOBaHHIO OpraHOB MIOMOHOWeHHA HM BbIXO]LY 
TpyOKy, HO B TO Ke BP€MA MOCTATOYHO PasBHVJIOCb. 

Tleppoe nokovileHve rHOpuAOB OT CKPeLHBaHHA APOBbIX C O3HMbIMH OOJIaae 
ele OMHOM XapaKTepHOH JIA ABypyyek OCOOeHHOCThIO. OTH pacTeHHA MOUTH H 
pearupylor WIM He3Ha4HTeJIbHO pearupyioT Ha APOBH3allMIO CeMAH (HIM Ha Mpo- 
JOJIXKUTeNSHOe BOS JeHCTBUe HH3KHX TemMMepaTyp Ha 3esleHble pacTeHua) Mp 
moceBe BeCHOH HIM B MepBOH MOJIOBMHe JleTa, pH OCeHHHX Ke Cpokax MOCeB 
MOMO6HOe BOS eHCTBHE BbIZbIBACT 3HAYHTEJIbHOe YCKOPeHHe B PasBUTHH M PocrTe. 
Tak, Halpumep, mepBoe noKoseHHve THOpHAOB KOMOMHalluH JItoTectleHc 329 x) 
JIroreciieHc 62 or mocesBa 11 aBrycra ApOBH3HpOBaHHbIMH CeMeHaMH IIPHCTYMMJIO: 
K QuddepenWwalluu TOUKH pocta Ha 24 JHA PaHbllle, YeM MOCeAHHOe OOBIMHBIMHI 
cemeHamH. [Ipn BeceHHeM Ke oceBe 9Ta Pa3HUlla He MpeBbllllala 3 WHeH. 

B apyrom ombire ObluI MpoBeyeH NoceB MepBoro MOKOJeHHA KOMOMHALMH | 
JItorectlenc 329 MockosKa 16 nio1d HeAPOBH3HPOBaHHbIMH HM APOBH3HPOBaH- 
HbIMH CeMeHaMH (OO/IbUe 25 WHE) B OOBIUHBIX yCJIOBHAX HM Ha KOpoTKoM 12-uya-; 
COBOM He. Oka3as0Cb, TO B OOBIYHLIX YCJIOBHAX PaSHHUbl B TeMMaX PasBUTHs| 
PpacTeHHH OT MOCeBa HeAPOBHSHPOBaHHbIMH M APOBH3HPOBaHHbIMH CeMeHaMH| 
nouTu He Obwio. B ycloBuax xe 12-yacoporo JHA pasHulla B TeMMaxX pa3BUTHs | 
qocruria 34 Hel, T. e. y pacTeHuli, BbIPAeHHbIX U3 APOBH3HPOBaHHbIX CeMAH, 
TOUKH pocta AudpepenlupoBaincb Ha 34 THA PaHbllle, vem y pacTeHH U3 He- 
sl POBU3 UPOBaHHbIX CCMAH. ITO CBA3aHO C TEM, YTO y MepBoro NOKOWIeHUA PHOpH- 
OB, TaK *%Ke KaK MW ABYPyyeK, MOCMe NPOROMHKUTEIbHOTO BOS JeCMCTBHA HH3SKUX 
TeMMepaTyp, MPHMepHO TaKHX, IPH KOTOPbIX Y O3HMbIX NPOXOAUT CTasMA ApO- 
BU3allMH, NPOMCXOQHT CMeHa PeakKILMH Ha KOPOTKHH JleHb. B pesybrate 39Tore 
PpaCTeHHA CTaHOBATCA CMOCOOHbIMM ObICTpee Pa3sBHBaTbCA HM PaCTH B YCJOBUAX | 
KOPOTKOrO JHA. 

Takum o6pasom, Kak BHHO H3 TIpHBeJeHHbIX JaHHbIX, MepBoe MOKOJeHHeE 
rHOPHJOB OT CKPelLHBaHHA APOBbIX COPTOB C OSHMbIMH M0 CBOeMY THITY pasBUTHA | 
CXOMHO C THIOM pa3BHTHA JBypyyek. 


Mucrutyr reneruku iloerynuso 
Akayemuu Hayk CCCP 28 I 1958 


UMTHPOBAHHAS JIMTEPATYPA 


sla isi, 18) avi eege@ng, IEC. Ky3Henosa, 3s. Arp. dak. Capatosck. yHus., 192]. | 
7B. UW. Ctroaeros, Arpo6uonorus, 3, 161 (1949). 3B. IL oe MU or: J, “lea OTR 
KoHep. Kuumuesck. c.-x. wucr., 1953, crp. 20. 4 T. I. JinrceuxKo, Arpo6uonorus, 
M., 1952. ®°B.®. Xurpuuckuad, Arpo6uonorua, 4, 22 (1948). 5A. K. Beno p os, 
ATAH, 98, Ne 5, 857 (1954). 7A. K. Deno pos, )KypH. o6m. Guon., 17, Ne 6, 462 (1956). 
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Woxrsage Akayemun nayx CCCP 
1958. Tom 120, Ne 3 


TEHETHKA 


B. T. WIAXBA3OB 


O NOJIYYEHHN MJIOAOBUTbIX ME)KBHJIOBbIX THBPHOB 
WIEJIKONPAOB POA ANTHERAEA 


(ITpedcmaeazexo axademuxom E. H. Tasaoecxum 12 II 1958) 


f 

OjHuM M3 pacrpocrpaHeHHbIx MocexCTBUH OTAaeHHOLi TrHOpuANsaluu AB- 
| IAETCH MOHOe WIM YACTHUHOE Gecno_Me rHOpuoB. B HeKOTOpHIX cuTy4atx 9TO 
 ABJICHHE MOXKET ObITh CBAZAHO He TOJIbKO C PeHeTHYCCKHMH, HO UM C 9KOMIOrHYe- 
CKUMH akTOpaMH, BANAIOMUMH Ha pa3sBuTHe PHOpuyos. 

Hacrosimee cooGujeHHe MOCBALIeHO PesyAbTATaM PHOpHANsallMH ABYX XOPOWO 
| WucbcbepexiiupoBaHHbIxX BuOB: KuTalickoro AyOoBoro wenkoupaga Antheraea 
pernyi Guer. u yccypulickoro wemkonpaya A. jamamai ussuriensis Schachb. 
Tleppblii 43 HUX ABIAeTCA OObEKTOM MPOMBIIWIeHHOrO WemKOBOLCTBAa (°); Bropoli 
“‘WpecTaBJIver HHTepec, TaK Kak OTJIM¥YaeTCA OT KHTAHCKOFO WeKOMNpsAya MOHO- 
 BOJIbBTHHHOCTbIO, SMOPHOHAJIbHOH nalay30H u MaeT XOpOIO pasmMaTbIBaemMble 
 KOKOHBI (?,°). B mocmequHHe rogbl yccypHickult Wenkonpay usyuaetca Ha Yk- 
pave c Wesbio akKuMatusauun (°,’). 

MexsuoBad THOpHAusalluA HaCeKOMBIX, M B UaCTHOCTH UeLllyeKpPbWIbIX, 
yAaeTcx peqKO H B OOJIbUIMHCTBe CJlyyaeB MpHBOANT K NOJHOMY OeciIOuIO 
rHuOpuyjos (*). Cpequ paya ucceqoBaHHii, NOCBALICHHbIX THOpuyusalluu KuTal- 
ckoro lWeikonpata A. pernyi c anonckum A. jamamai Guer., culeqyeT yka3aTb 
Ha paOoty Kasaryun (8), KOTOpbIM Mpuile kK BbIBOLY, UTO y THOpuOB MepBoro 
NOKOJICHHA OT CKPelMBaHHA STHX BUOB B OTHOIWECHHH BOJIBTHHHOCTH JOMMHUpy- 
OT IPH3HAKH KHTaHCKOrO WeIKOMpAa H YTO JasbHeh Waa pemposyKuusA ruOpnu- 
OB HeBO3MOxHAa. Becnvioque ru6puson KaBaryun OObACHAeT HECOOTBETCTBHEM 
XPOMOCOMHBIX KOMIWIe€KCOB Y CKpelljuBaembIx (popM. B nepsBpix onbiTax no rx6- 
puAusalluu KuTalickoro WeKONpAa C yccypHiickuM, MmpoBexeHHEIx B 1940 r. 
M. WV. Tlena3p Ha Yxpauue u H. B. Ceposoit 8 I]pumopcxom Kpae, Take Obls0 
OTMeyeHO MOHOe Gecnmofue TrHuOpHyoB mepBoro noKoseHusa. Halim ombirbl 
no rMOpHAusalun ObiIM HayaTb! JeTOM 1950 r. B Tom xe roxy OblwIM Noy4eHbl 
PHOPHAbI OT CKPeLW[HBaHHA CaMKH YCCyYPHUCKOrO WeMKONpAa C CaMIOM KUTAaH- 
ckoro. Bosee TpyAHbIM OKa3aJIOCb MOJYYeHHe PeWHMPOKHbIX PHOPHOB. 

B cBa3M C 3HaUHTeEJIbHbIMM (PU38HOJOrHYeCKHMU UM MOP@OJOrHYeCKUMH Pas3JH- 
YHAMH HCXOHbIX (bOpM OoubUIOH MHTepec MpescraBAeT U3yUeHHe MOpoOrH- 
YeCKHX MPH3HaKOB MW XKOOTO-Pu3sMONOrMYeCKHX OCOOeHHOCTeH PasBHTHA MexXK- 
BUOBbIX THOpHA0B. B Halle paOoTe OCHOBHOe BHHMAHHe Y]eIAMOCb U3Y4YeCHHIO 
UHKJla pa3sBHTHA THOPHAOB MepBOrO MOKOJICHHA HM BbIACHCHHIO BO3MO2KHO- 
CTH JabHelWeli pempoxyKuuu ruOpuyzoB. B mpowecce paOorsl ObIH BbIACHCHbI 
WM HeKOTOpble HaHOoslee 3aMeTHbIe MOpdouorMuecKHe OCOOeHHOCTH rHOpHOB. 

M3 anu, NOJIyueHHbIX OT NepBoro CKpelllMBaHuA KUTAaMCKOTO H yCCyPHMCKOrO 
INeIKOMpAOB, OTMOXKEHHBIX B KOHIe uloia, yxke vepes 11—13 qned nnKyOalluu 
pW Temileparype 22—23° Opimu noswyuenbl ryceHulpl. HaceqoBannA 3MOpHo- 
HaJIbHOH Manay3bl, KOTOpad MposoxKaeTca y yccypuucKoro iWeKOMpALa He 
meuee 80 JHeli, y rHOpHOB HH B OJHOM CJIy4ae M3 MHOPUX COTEH KJ1alOK He HaOJII0- 
faloch. OfHako, KaK NoKasasiM CMelMasbHble OMBITbI, AHIa, NOMYYCHHbIe OT 
CaMOK YCCYPHUCKOrO WeIKONpAa Mocie CKpellMBaHHA C KHTAaHCKHM, TPH TeM- 
lieparype 4° coxpaHAIoT 2%H3HECMOCOOHOCTS WO 3 mec., 4TO BTPOe MpeBbillaer 
CPOK BO3MOXKHOM 3afep%KKH PasBUTHA AML KUTalcKOrO WeKONpALAa HM PHOpHAOB 
OOpaTHorO HallpaBJieHua. 

Cpequ rHOpuqHbIxX TyceHHW, a TaK%Ke KYKOJIOK, KOKOHOB H UMaro ACHO 
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BbIeIAeCTCA [Ba OCHOBHBIX THMa CTpOeCHHA, PasJIMYaeMbIX NO MHOPHM mopou10-| 
ruvecKiM 1pH3Hakam. B ra6u. | WpuBeqeHbl HEKOTOPHIe HaHOolee 3aMeTHble 3 
9THxX pa3zuiMuHit. Oco6ennocTu uMaro B TaOu/. | He MpHBeeHb! B CBASM C 3HaUH- 
TeJIbHOM H3MCHUMBOCTHIO 0 OKpacke GaOouek ycecypuucKOro WeKOMpAa 4 rHo- 


pugos. Ilo Takum 1pHsHakaM, Kak Ppa3MePbI aHTeHH, MOJIO27KeHHE cyOKkOCcTaJIbHOH | 


*KWIKM Hepequero Kpbiia (°) H crpoeHue renntasuii (*), cpeqn rHOpHAHbIX Oa-) 


Oouek TakxKe HaOIojaerca ABa THIla, TIpHOJIM2KAaOWUXCA K HCXOJHbIM BHJlaM. | 


B CBA3H C YCTOH4UBOCTbIO KOMIVJICKCa I pW3HaKOB Ha pasHBIx CTaWHAx pasBUuTuA 
Taolinna 1 


Hekotopbie OcO6OeHHOCTH OKpaCKM HM BeC KOKOHOB HCXOAHBIX POpM H THOpHAOB MepBoro 
MOKOJCHHA (Ha3BaHHA UBETOB MpHBeseHbI 10 wiKkane A. C. Bongapyesa (7)) 


Srey A x 
} AOS ire © 
Buy O6ujaa OKpacka | Oxpacka roJoBHoii Oxpacka a8 e Sor 1S, 
E rycenuy 1 Bo3s- KarcyuJIbl PYCCHHI, endlls vers! [sci = oc me S 
medKoNpaRa pacta V Bospacta BROKOHOB peasy NSA | 
Onn |JOS On IMEEM 
Kutalickuii y6o- | Yepnan }Kentospato-6ypo- | Tlecounaa usu 6y- | 6,265 | 0,510 8,4 
BHI Me IKONpAL BaTadvA Cc YepHbIMH poBpatTaa 
Antheraea pernyi NATHAMH 
Yecypulickuu wWes- | 3enenopaTo-xKes- Tony6oparo-seme- | 2KenTOBaTO-3eu1e- 5,503 | 0,380 6,9 
Kompag A. jama- Tan c Yy3KHMH HaA Haa 
mai ussuriensis uepHBIMH = Mpo- 
JOJbHBIMH T0J10- 
camu 
Mexpugornol ru6- | | Yepnaa ?KentoBato-6ypo- | Bypopataa 6,336 | 0,579 9,4 
pug (F,) uMeeT BatTaa HIM Oypo- 
Ba THNa OK- BaTO-OJIMBKOBaA 
pack Cc 4epHbIMH NAT- 
WaMu 
I] Uepuasn c xento-| Tony6opato-sese- | OxpsHo-3emeHopa- | 5,500 | 0,393 Tegel 
BaTO-3eJIGHbIMH Hasl Tad Cc 380N10THC- 
SoposaBkaMH UH TbIM OTTCHKOM 
HMpOOJbHbIMH M0- 
mocaMu 


MbI BbIeiemM y THOPUAOB THI KuTaHCKOTO WeNKONpAa M MpOMex*KYTOYHbIA THT 
crpoenna (Tada.1) Bropo# Tum m0 MHOrHM Mpv3HakaM TyCceHHI, HW UMaro, 
HeCOMHeEHHO, OvIW2Ke K YyccypHiicKomy WeJIKOMpAyy, HO ACHO OTJMYAeTCA OT 
NOceHerO OTCYTCTBHEM IMOPHOHAIbHOK WHallay3bl H 3eIeHOH OKPaCKH KOKOHOB. 
Tlepexogubie (POpMbI MEXKAY STHMH THMAaMH HaOsOaloTcA B HeOOJIbIOM 4HNCUJE 


oco6elt u BbIpaxKeHbI c1a60. Bonpoc 0 KOJMYCCTBEHHOM COOTHOLIeHHH OCOGeH | 
yByX THMOB CTpoeHuA y THOPHAOB MepBoro NOKOJeHHA MOKA OKOHUATEJIbHO HE | 
BbIACHeH. B pa3Hble rosbl pesyJIbTaTb! CKPeUMBahuA Obl pasHbimu. B 1950 vu 


1951 rr. 6pi0 nosyueHO Oomee OMHOPORHOe THOPUAHOe MOTOMCTBO TIpoMexy- 
TOUHOrO THMa. OjHako B nMocmenyiouywe Tosbl y THOpHyOB NpeoOaxat THN 
KUTAaHCKOPO IWeIKONpA a, OCOOn MpOMexKYTOUHOPO Tua CocTaBsAIH OT 20 1035 %. 

Pa3BuTue ryCceHHl, THOpHAOB NepBoro NOKOJeCHHA MO CpOKaM He OTJIMYAaIOCb 
OT BTOpOl reHepalWH KHTalcKoro Werkonpsaa. B oTseJIbHbIX culyuaax y rHO- 
PHAHbIX TyCeHHY HaOwOJalocb NOABIeHHe 6-ro Bo3spacTa. Cpequ rHOpuHbIXx 
KOKOHOB OTJ@JIbHbIe JocrurasmH Beca 10 r npn 10O—12% wenKoBok o6om0uKK. 
Kak BugHO 43 TaO. 1, NOoKa3aTeH BeCa KOKOHOB H OOOJIOUKU BbIlle y Oypo- 
BaTbIX KOKOHOB, HO B HX OOOOUKE JOJOKHO COMepKaTbCA OOJbWe CepulluHa. 

Bonpoe 0 pa3BHTHH KYKOJIOK rHOpHAOB MepBoro MOKOJIeHHA WpelcraBlaAd 
OcoObIH HHTepec B CBA3SH C TeM, UTO YCCYPHUCKHU WeIkOMNpA He HMeeT KYKOOYU- 
HOU WHallay3bl, a KYKOJIKM BTOPOH TeHepall\uH KUTaMCKOrO WieNKONpAa MMeIT 
Manlay3y MpolouxKuTebHOCTHIO OT 3 Wo 4 mec. PasBurue ryceHul, rHOpHAOB 
MpOXOAHJIO B TeX 2%Ke YCJOBHAX, KAK HW PasBUTHe BTOPOH TeHepalluu KUTalicKOrO 
WelIKOoNpAqa. C WesbiO BLIACHEHHA CIOCOOHOCTH KYKOJIOK THOPUAOB K HeMpepbiB- 
HOMY pa3sBuTuio B 1951 Hw 1952 r. vepe3 1O—15 quel nocme OKOHUAHUA 3aBMBKU 
KOKOHOB ObWla MpOBeeHa HHKYOaluA YaCTH KYKONOK Mp TemMepatype 20—23°. 
Jlo Hayaia wHkyOaluu TemMepaTypa CosepxaHUA KYKONOK Oblwia He Huxe 15°. 
B pesyJbTare MHKYOaILMH H3 OOuero KOMMYeCTBa 420 KyKONOK 3a TepBbie 25— 
35 jHeli Obiio0 nomyyeHo 362 6a6ouKu, eure 50 GaGouek BbILWIM H3 KOKOHOB 20 
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60 nHA MHKYOalluH, HW Mb 8 KYKOJOK OKasasHCb C 6ovlee ycToHuuBol Manay- 
30H. Kak nokasan stor onpir, 87% KyKoJO0K rHOPHAOB OKasaJHCb He [uMarlay- 
| SHPYIOWMMH, OCTaJIbHbIe YHaCeOBaIM CKJIOHHOCTh K JMamlayse B HesHauH- 
T@IbHOH cTeneHH. 

HeoxulaHubim pe3yJIbTaTOM OMbITOB 10 oceHHeli HHKYOalluu THOPHAHBIX Ky- 
KOJIOK ABHJIOCb BbIACHEHHE CBASH KYKOJIOUHOH JMallay3bl C MIONOBUTOCTHIO rH6- 
PudxoB Nepporo noKoneHud. Kak yxxe yMOMMHaJIOCcb, SecnIO,ue M@exKBHOBbIX 
rHOpHOB KUTAalickoro WeNKONpsa C AMOHCKHM H yccy pHuCKHM ObIIO OTMedeHO 


Ta6suna 2 
CpeAuve NoKasaTeH MOAOBUTOCTH UCXOAHHIX opm u rHOpujoB 
el r - 1 1 Oot 
1 re) x Sas) foe] le) 6 1 
° 1 ou Bia * 
Cesou ee 2S Be ofa ere ga | oe 
£ Bux caMKH wesKonpaga HHKyOalHH ) S 2 Ke s8 eS A a et Se © cy x a 
7 cy c 5 s ZO 5 é 
5 | HW Hampapsenue cKpenjuBanua | y od ete e8|oRlex ox Se (oe s| See ee 
& Boy | eae SO 6 | OS Fe Gc || Semen lio 
5 mu BE | EE RS | SRSe | 2288] 288) oz 
22 Soilatlimnoez | Pobre ORBLIHMAR| m wee 
4 Kutalickuit Ry6oppii wenKo- | Anpenb — maii 60 60 60 100,0 280 10 | 96,0 
mpi, BTopad reHepausa, 
BHYTPHBHJOBOe CKPelHBaHHe 
2 | Yccypuiickuh wenkonpsag, 3-i | Mionb — nauano}] 137 | 136 95 69,3 162 260* | 92,4 
POX aKKIHMaTH3aqHH Ha YK-| abrycta 
pane, BHYTPHBUZOBOe cKpe- 
UHBaHHe 
3 | Kurtaticxuit qy6opplii menko- | Mtomp —Hauamo| 122 | 118 40 S2ea 284 44 | 76,2 
MpAX, CKpewiHBaHHe C CaMIIOM] aBryctTa 
yccy pHiickoro 
4 | Yecypuiickuii wemnkonpsg, Vio0b— Hayao} 64 57 41 64,0 136 128253 
CKPeWHBaHHe C CaMILOM KH- apBryctTa 
Talickoro 
5 | [u6puy nepsporo Nokoseuua Hos6pp — wa- | 120 65 28 Bas} 112 LOM 227 
yao WeKkaOpa 
6 | [H6puHy nepBoro noKonenHna @Pespanb — 162 8 2 he 80 44 | 35,0 
MapT 
7 | TuoOpuy nepBoro noKosmeHuA Anpesb — Malt 40 0 ~- — — = = 
8 | [Tu6pHy Broporo noKoseHuA Hiomb— Hayao] 82 77 70 85,3 290 10 | 85.0 
aBrycta 
9 | Tu6Opuyz TpeTbero noKOMeHHA Anpemb — Mati 89 86 84 94,3 319 14 94,5 


* Ykasana OOLjad MPOMOMKUTeCNbHOCTh pasBHTHA 3apogpila B ale, BKMIOUAaA NepHox Muvanaysbi 


H 3HMOBKH. 


pauee Kagaryun (8) u M. V1. Tena3p. Hamu nocae 3umuero coxepxaHua THOpus- 
HbIX KYKOJIOK Ha XOJIOJe H IPH BeCeHHeH MHKYOALNH Tak Ke ObIVIH MOJY4eHbI CTe- 
pWuIbHbie OaOouku (TaO. 2, Ne 7), oHaKO cpeqH GaGouek, MOMYYeHHbIX 13 
KOKOHOB OCeHb1O, Y OOJIbINMHCTBa PasBUBaJHCb Oowlee MIM MeHee OJIN3KHe K HOPMe 
pempoxlykTuBHble OpraHbl. baOouku cnapHBaJINCb OTK albIBaJIH ONJIOOTBOPeH- 
Hble Alita (ra6. 2, Ne 5). Bcxpbirue OaOoueK-caMOK, NOJIYYeHHbIX H3 KYKOJIOK 
B pa3Hble CpOKH Ha IIPOTAXCHHH 3HMbI, MOSBOUIO MpOceqUTb NOCTeneHHYy10 
JereHepaliuio AHWeBbIxX Tpy6oK (puc. |). 

IIpupeyeHuble (bakTbl MO3BOAIOT MpeANOMOXKUTb, UTO CTEPHJIbHOCTb rHuOpH- 
JOB TlepBOTO MOKOJICHHA MpH BeceHHeH HHKYOAaWMH CBA3aHa CO 3HAUHTeJIbHbIM 
HCTOMeCHHeEM THOPHAHbIX KYKOJIOK, HE HMeIOUIMX AMalay3bl W COXPaHAeMbIXx 
B TeyeHHe 5 MeC. IpH HH3KOH TemMepatType. KocBeHHble NOATBep»xKeHHA ITOTO 
Jaw u8MepeHHA ras006MeHa THOPHAHbIX KYKOJIOK BO BpeMA UX BbIHYxXeHHOM 
3HMOBKH. B jekaOpe upu 5° KyKoKu THOpHAOB NoTpebIAIH B Cpesnem 7,9 mM? 
KuCOpoyia Ha | r Beca 3a YaC, KYKOJIKH KMTAaMCKOrO WemkonpsAya B TeX *e 
yCICBHAX NoTpe6ianu 3,4 mM?, a oTmMualollHecd OCOOeHHO MPOOJKUTEIIb- 
HOH Juanay3soH KykomKu Saturnia pyri Schiff. 1,5 mm’. 

[pu nopTopHom nomyyuenun rHOpuoB MepBoro noKoeHHA B 1953 nH 1954 rr. 
ObIIO OTMeUeHO NOBbIWeHHe NO 60% KONNUeCTBa WHanay3HPpYIOUluX KYKOJIOK H3 
yucila PHOpHAHDIX Ocobel THMa KUTaliCKOrO WelkoMpAa, U3 OcoOeH Mpomexy- 
TOUHOFO THIMa MO-pexHemy oKoso 80% He uMetu AMataysbl. Tipu stom mb! 
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HaOMOJaiu MpoABJIeHHe TeHeTHYeCKON OCHOBHI AMallaysbl y THOPHOB B yCJ1O- 
BHAX IIMTaHHA, TeMMepaTyPb! M OCBeLLeHHA, OOeCHeYMBalOUAx 100% juatay3bh 
y KykKOuIOK KuTalickoro LyOoBOro WeIKONpAga BTOpow renepalluu. 


Puc. 1. CocrosHve AMYHHKOB HMaro Me2KBUOBbIX THOPHAOB MepBOrO MOKOJICHHA, MOJyYeHHbIX 
B pasHbie Ce30HbI MHKyOauMu KyKoOsIOK. Mecattbl uHKyOauun: J — HomOpb, JJ — peKxaOpp, JJ] — 
auBapb, 1V — mapT 

C wembio JabHetlWeH pempolyKWuu rHOpuyOB, NOCe BbIACHeEHHA BO3MOX- 
HOCTH MOJIY4eHHA MIONOBUTHIX OCOOeH Cpequ THOPUAOB NepBOrO NOKOMeHHA pH 
oceHHeli WHKyOallud MO ypoBHio ra3006MeHa Obl oTOOpaHbl THOpHAHbIe 
KYKOJIKH, MMeIOU[He CKJIOHHOCTh K Mamay3e, 2TH KYKOJIKH B Haale MeB- 
pana 1952 r. 6b mMocTaBeHbI Ha MHKyOaluto. IlapannenbHo HHKyOupo- 
BaJIHCb HM KYKOJIKM KHTalickoro Weikonpanta. B Hayale MapTa OT THOpHHbIX 
6a6ouek-caMOK O6bINO NomwyyeHO 2 ONMOAOTBOPeHHbIX Kayku (Taba. 2, Ne 6), 
kpome Toro, 6 kJaqOK ObluIO MOWyYeHO OT CaMOK KHTaHcKorO WeIKONpAya u 
CaMUOB-rHOpuyoB. Uro6bl OTOMBHHYTb HavaIO BbIKOPMKM TyCeHHI, K BecHe, 
yaCTb MOJIYYCHHbIX AHL B MepHOA OKOHYAHHA IMOPHOHAbLHOLO PasBUTHA 3apo- 
‘pile oT 18 no 25 tHe Comepxamacb Mpu TemNepatype 4—5°. B mepBrx uncsax 
allpeJid Ha 3apaHee 3aPOTOBJICHHbIX H PaCMYCTHBIUIHXCA BeTBAX [yOa Oblla Ha- 
yaTa llepBax BbIKOPMKa M@%KBHOBbIX THOPHAOB BTOpPOrO MNOKOJeHHA. 

B uncule HEKOTOPbIX OCOG6eHHOCTeH THOpHAOB BTOPOro U TpeTbero MOKOJeHHH 
cilelyeT OTMeTHTb, YTO THM KuHTaHcKorO WesIkoNpAya y HHX JOMMHUpyer 
Hay MpomexkyTouHbim THOM. IIpu ckpemjuBaHuu ruOpHya Broporo MOKOJIeHHA 
C KHTaMCKMM IWeIKONpAyOM Bce ocoOu Hacwe_yior THM KuTalicKorO IeIKO- 
pala, Up CKpeliMBanHHw rMuOpHya c yccypulickuM WekoNpaoM mpeobsa- 
WaioT ocoOu mpomexyTounoro Tuna. Y ru6puxoB THNa KUuTalicKOrO IeKO- 
pala BO BTOPOM HM NOCeAYIOMMX MOKOJICHHUAX BOCCTAHaBJIMBaeTCA BOMIHE HOP- 
MaJIbHad MIOLOBHTOCTb. TH6puybl mpomexyTouHoro THuMa B OOJbIUIMHCTBE 
clyuaeB He HMeIOT KYKOJOUHOH Wuallay3bl, Npwyem CaMKM 93TOFO Tua yale 
OecIWIOWHbI, MIOJOBHTOCTh COxXpaHserca y CamiosB. B jambHeliliem lo JecaToro 
HaOJOAaeMOFO HaMH NOKOJeHHA THOPUAbI NO %KUsHECTOCOOHOCTH 3aMeTHO MIpe- 
BOCXOAAT YCCyPHUCKOrO, a yacTO H KHTalicKOrO AyOoBoro wWerKompsya. Iyrem 
CesleKUHH Y THOpwsoB yAaocb Ha 18—20% nopBbicuTb WeIKOHOCHOCTD. 


XapbKOBCKHM TocyapcTBeHHBI . Ilocrynuso 
yHupepcuter um. A. M. ToppKoro Le VAST 56) 
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Horaayqe Axkafemun nayr CCCP 
1958. Tom 120, Ne 3 


IKOMOVH A 


H. M1. PYJAKOB 


HAKOINJIEHHE HW MOTEPH KAJIBUMA CETOJIETKAMH 
KAPIIA B 3ABHMCHMOCTH OT KOHILEHTPAWMH KAJIBLLWEBBIX 
COEJMHEHHM B OKPY)KAIOWENM CPEJIE 


(ITpedcmasaeno axademuxom E. H. Taeacecxum 10 II 1958) 


Kak H3BeCTHO, PbIObI CHOCOOHEI YCBaHMBaTb MHHEPaJIbHble BeWICCTBA He TOJIbKO 
V3 MHWL, HO HW HeMOCpesCTBeHHO H3 OKpyXKalouleH BOAHOH cpembr (*). Tak, Ha- 
TIPHMeP, MaJIbKH Pady KHOU cope Jo 75% HakallIMBarouleroca B UX Tee KaJIb- 
WMA MOrloujaioT yepes xXaOpbl H KORY (7). Manoporaa Kopiouka (Hypomesus 
olidus) B o3epax C NMOBBIIMeHHO! XKeCTKOCTbIO BOJbl XAPaKTePH3yeTCA OTHOCH- 
TeJIbHO BbICOKHM COJepxKaHHemM KaIbiua (*). Y Kapa M Kapaca mpoucxoyut 
BeCbMa HHTe€HCHBHOE YCBOeHHE KaJIbDILMA H3 KaJIbILMeBbIX H (POC(POPHHIX COeAMHEHUM 
(*,°). MeseHue payMoakTHBHbIMH U30TONaMH HarIAQHO MOATBEpAMIO BO3MOX- 
HOCTb YCBOeCHHA PblIOaMH KaJIbIuA HM Cocdopa u3 OKpyXKarowleH BOAHOU cpeybl 
(°°). OqHaKO H3-3a CJIOX%KHOCTH CaMOrO ABJICHUA, a TIaBHOe BCeEACTBHeE OTCYT- 
CTBHA MpPpAMbIX Me€TOAOB TOUHOFO ONpeeIeHHA MaJIbIX KOHWeCHTPallu MuUHepaJb- 
HbIX BelUL€CTB, MOPIOULaeMbIX PbIOaMH B TEYCHHE KOPOTKUHX MPOMeXKYTKOB Bpe- 
MeHH, KOJIM¥eCTBeHHad CTOPOHa 93TOTO BOMpoca ocTaeTCH MaJIO H3y4eHHON. 
OcraeTca Tak?Ke HEBbIACHEHHOM CBA3b MEXKILY MOPIOULeHHeM PblOaMH MHHepab- 
HbIX BeUeCTB H HX KOHIeHTpallvel B Okpy Karomel cpege. PellieHue aTHX 3alay 
M103BOJIMJ10 ObI BLIABUTb ONTHMAJIbHbIe YCIOBUA Cpesbl JIA MCYeHHA PbIO payuoak- 
THBHbIMH H30TOMAMH UH JaJI0 ObI BOSMOXKHOCTH NOBLICHTb IPPEKTHBHOCTb MeueHHA. 

OnpefeteHHe BeJIHUMHbI MOPIOULeHHA MHHePaJIbHbIX BeleCTB PblIOaMH U3 
OKpyXalollelt BOAHOM Cpesbl NO3BOUT, KpOMe TOrO, NOMOHTH K PeLWeHHIO OYeHb 
BaXKHOH MpOOJIeMbI 29KOJOrHH MpeCcHOBOHbIX pid. Mp HMeeM B BUY yCTaHoOBJe- 
HHe ONTHMAJIbHbIX KOHILCHTPallHH COeH KaJIbUMA HW JIPyrUx COeAHHEHHH, PacTBO- 
PeHHBIX B Boe. 

Ilemb1o HacTOaero UCCeOBaHHA ObIIO H3yYeHHe HaKOIMJICHHA H MOTepb 
KaJIbIMA CerouleTKaMH Kaplla B 3aBHCHMOCTH OT KOHIeHTPallHH KaJIbILHeBbIX 
COeqMHeHHH B OKpyxKaroulel cpene. MccaeqoBpanue MpoBosHOCb C MOMOIIbIO 
palMoakTHBHOrO Kasbiuua (Ca*’). Marepnasiom JIA MCCIeLOBaHMA CJIY KHIM Ce- 
rouleTKH THOpuAOB Kaplla Cc amypCKuM Ca3aHOm (Cyprinus carpio L.). 3a uerpipe 
MeCALa JO OMbITOB PHIObI Ob Pa3sONThI Ha WBe PpylMbl: OHA HaXOMMJ1aCb B BOJO- 
eme c BpicoKumM (60—70 mr/), a Bropaa c Hu38KHM (5—7 mr/a) cojep- 
*KaHHeM KasibiluaA. Tlepey onpirom y 25 cerowerKOB, B3ATHIX H3 KarK OM rpynibl, 
ObIO OMpeseseHo COsepKaHue KaJIbUUA B 30Ne. OHO COOTBETCTBEHHO COCTAaBIAJIO: 
y ueppot rpynnp 29,12% (HeqeKasbIMHHpOBaHHble), y BTOPOH 18,7% (qeKaJb- 
I{MHHPOBaHHble PbiObl). 

Jia w3y4eHHA MOPOUleHUA KaJIbIMA CePOseTKH MOMelaIHCb B PpaCTBOPHI, 
COCTOAIIHe M3 CMECH palHOaKTHBHOFO HM HepadMoaKTMBHOrO KaJbivA. YNebHas 
akTupnoctb Ca4® Bo Bcex pacTBopax Obiia 50 p. Cu/i, a KOHIMeHTpalluA OOuLero 
Kasbunua 10, 20, 40, 60, 80, 100 u 200 mr/n. PacrBopb! MpuroraBJIMBasIMcb 
W3 OuKapOoHaTa KaJIbIMA, MOJIYYeHHOFO C MOMOUIbIO MHOTOKpaTHOTO IIpOyBa- 
Hua CO, uepes HacbileHHbIt pacrsop CaCO;. Hospiiesue pH pactBopos JocTu- 
rajlocb YjasleHuem us6niTKa CO, MpoxyBaHuem Bosyxa. PacrBopbl C HaMBbICleH 
KOHUeHTpalueH Kambuna (100—200 mr/j) roroBusuch M3 CMeCH Ca(HCOs)» 
u CaCl,. B KaxKJOM 43 paCTBOPOB PbIObI BbIJep2KHBaIHCb B TeyeHHe 6 4ac., 3a- 
TCM H3BJleKaJHCb WIA UCCMeqOBaHHA Ha PauOaKTUBHOCTD. 
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Onpesenenne paqnoakTHBHOCTH pbIObI (B HMITyJIbCaX B MHHYTY) UpOv“sBoIH- 
JOCb B HaBeCKaX 30JIbI OOMLEMPHHATHIMH MeToyaMH. Ja CpaBHeHHA W3MepsA ach, 
rakoKe B OMMHAKOBDbIX YCJIOBMAX, PalHOaKTHBHOCTb PaCTBOPOB, B KOTOPbIX Haq) 
XOAMIHCb PbIObI. OOULMM KaJIbILMH B PaCTBOpax ONpeeAJICA TPHJIOHOMETPHYeCKH. 

B I cepuu onpivos Obwio H3y4eHO HOPMOMeHNe PalHOaKTHBHOTO KaJIbUMA Ce-) 
rojletKami Kapnia. B revenue 6 vac. HanOombutee KoMMUeCTBO Ca*° HakalIMBa-} 
erca y pbiO, MOMeIICHHbIX B paCTBOPbl C MAHUMAJIbHOM KOHWeHTpalue KaJbUMA., 
3HaunTelbHO wHTeHcuBHee Ca’ normomaercs JeKaJ/IblMHHPOBaHHbIMM PblOaMH.. 
Yuurpipas, uTo | ma pacrBopa c KOHWeHTpauuelt Ca** B 50,0 wCu/a. MMeer ak- 


6  THBHOCTS pasHy1o 13500 uun/MuH, MBI! 

/ * the see BbIUHCIMIH MOriomeHue OOmero KaJb-- 
9250 IMA pplOamu 3a 6 vac. BeruncsieHue mpo-- 
W3BeeHO C HMOMOMIbIO KoOsdPpuuMeHTa! 

0.200 pacupesesieHuA KaJIbIludA Me*KLY pblOaMu 

: WM OKpyKalomeH Cpelol, YYHTbIBAaIOWero) 

= 000 Mpoueccbl pacTBOpeHHs, ajicopOuHH u 
8 XHMMUeCKOTO B3aHMOJeHCTBHA. | 
=. 100 Meupblile BCeroO HaKallJIMBaeTCA KaJib- | 


WHA Y pblO MpH BbIepxKMBaHHH UX) 
B pa3OaBJICHHbIX pacTBOpax. C MOBbI-. 
IWeHHeCM KOHIeCHTPallHnu cTaOHIIEHOTO | 
M30TONAa KaJIbIHA B acTBOpax MOIrJlO- 
ee ee BW Gs eHHe IO Be arena ee Be 
Konyenmpayun kanoyua 8 paduoakmuby ok nt y Pace 
pacimbopax TeT (10 ompeyemeHHOrO mpeea), a 00) 
OTHOCHTEJIbHOMY (Ha eAMHUMLY KOHILeH- 
Puc. 1. Horsmomenue oOujero (a) MU payHo- Tpaltuu)—nagaer. Mnaue rosops, 43 pas- 
akTeBHoro (6) Kaba CerouleTKaMH Kapma 6 te “Reneeeae te 
M3 PafMOaKTUBHbIX pacTBopoB 3a6uac. J — aBJICHHBIX PaCTBOP pblOaMH II a 
jleKasIbuMHUpoBaHube plop, J/ — Hefge- WUlaeTCH KaJIbitMH B IMPOMeCHTHOM OTHO- 
KaJIbBUMHUPOBaHHble pprObt IMeHuu 6oOJIbIle, yeM H3 KOHILCHTPH- 


PpOBaHHbIx. 


JleKaJIbIMHUPOBaHHble pblIObI HaKalMBaroTr OOM KaJibiHH B 1,2—1,5 pasa | 


VHTCHCHBHee, YeM HefeKaJIbILMHHpOBaHHble (puc. 1). 

TlonyuyenHadt HaMM KPHBad HaKOMI€HHA KaJibllMA CXOJHa C H380TePMOHM all- 
copoOuuu. HacpimeHue afcopOWMOHHbIxX Jeno TKaHel pblIO MocTuraeTca, oue- 
BHIHO, Ip CYMMapHOHM KOHIeHTpalluu KaJIbUMA B PpacTBOpax, Ou3KOH K 80— 
100 mr/a. [loqo6upie ABIeCHHA HaOsOMaIHCb PAJOM aBTOPOB IIpH H3y4eHHH 


NMOPIOWCHHA OTAeJIbBHbIX MMHePaJIbHbIX HOHOB KJIeTKAMH HU TKAHAMH PaCTHTeJIb- | 


HbIX HM %KMBOTHBIX OpraHH3mMoB. (CBoky JIMTepaTypbl 10 STOMY BOMpocy cM. 
y Tpoumua (*°).) 


AcopOWHOHHbIM XapakTep KPHBOH HakOMJIeHHA KaIbUUA HHATPHA Mpox- 


7KaMU, BbIpalluBaeMbIMH Ha HUCKYCCTBeHHDbIX NIMTaTeJIBHbIX Cpeylax, COJepKallux 


9TH KaTHOHbI B Ppa3HbIX KOHIeHTpalluAX, Obl NMoyueH Py6unwretHom u bypwta- 
KoBoH (™). AHanormuHad KpuBaa Opluia momyuena CreiinOaxom MpuH usy4ueHHuu 
pacipeqevieHHA KaJIMA MeXKAY NOPTHAXHbIMM MbBIWGaMH JIATYWUKH WH CpeloH, 
cojlepxkaBlleH pa3JIHUHbIe KOHILeHTpallMu sTOrO uoHa (1, 1%), 


UspecTHo, YTO BCAKHH XKHBOM OpraHH3M MpescTaBsAer coGoM rereponossap-— 


HYIO MHOrOd@a3sHylO CHCTeMY C MHOFOUHCJI€HHbIMH TMOBePXHOCTAMHM pa3Jewa. 
BemegcrBue STOrO Mpollecc COpOWNH MHHepabHbIX HOHOB XKHBbIM BelleCTBOM 
MOXKeT ObITb BbIPAKeH ypaBHeHuamu HuKompeKxoro u Tanona fia O6mMeHHOit 
aycopOunu: 

As eases 

Ave WiCKaoae 
re A — pennunHa afcop6unu, A, — npeen ancop6unu, C — Konuenrpanua 
MOHOB B Cpeye, K —KoacbtpuluenT paciipelesenua (YYHTbIBAIOWIM TakKe BaJIeHT- 
HOCTb’ HOHOB), « — KOHCTaHTa H30TepMbI acopOlMH. 

Nloqunnstonuiica STHM ypaBHeHHAM MeXaHu3M pacmpesesleHusA MOHOB MpH- 
JIOXUM, OUCBUAHO, HE TOJIbKO K OTJ@JIbHbIM KJICTKAaM HH W30JIMPOBaHHbIM TKa- 
HAM, HO HK KJleTKaM HM TKaHAM WeOrO MHOFOKseTOUHOrO OpraHH3Ma. TloyrBepx- 
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ACHE STOTO MOMOAEHUA ObIIO MOJY4eHO HaMH Ha CeromerKax Kapa. BeposTHo 
PbIObI 10 OTHONICHMIO K OKPY2KalouleMy MX BOLHOMY pacTBOpy KaJbilua npelcras- 
_dixtoT cobol dasy. Ognaxo MIpH 9TOM HeEOOXOAMMO YUNTHIBaTb, TO alcopomna 
OKa3bIBaeTCA MEPBbIM STANOM Mpolkecca NOPOUIeHUA, a ee H30TePpMa NpesCcTaBAeT 
BHeIIHee (POPMaJIbHOe BLIPArKeHHe B3aUMOMEliCTBUA aJICOpONPOBaHHOPO BenmlecTBa 
M allcopOenutTa. 

Ilonyuennpie Hamu Cc NomombIo ypaBHenua Tanona WaHHble 10 aycopomun 
KaJIbUHA PblOaMM H3 PpacTBOpa OKasaUCb Ha 5—19% HurxKe (bakTHUeCKUX BeJH- 
4HH MOPIOWUeHHA (BLMCIeHHA NpousBexeHbI pH Ag paBuom 0,166 1 0,248 na 
paBHori 2,37 u 2,94, K = 1). O6bacuaerca 9TO, NO-BHMMOMY, TeM,YTO JarKe 3a 


M2 : 
40/2 30fbI aoe ae 
| 
5 Ve 
| a i 
9080 
Sa ctlinedia al ’ 
a ‘. fT 
ee . 6 (5) 
& es 
9040 ~S 42 
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Puce. 2. Tlorepu o6mjero u payMoaKTHBHOrO KaJIbIlMA ceromeTKaMM Kapma Mocme 24-uac. OTMbIBKH 
B BOMe C PasHYHOM KOHWeHTpalMel Kambuua: A—10 Mr/n,5—40 mr/n, B — 100 mr/n. Ocraap- 
HbIe OOO3HAYeHHA Te %Ke, 4TO Ha puc. | 


KOPOTKHH TIpOMex*KYTOK BpeMeHH peO“iBaHuA pbIO B pacTBopax (6 uac.) YacTb 
ajJiCOpOMpoOBaHHOrO KaJIbIMA BCTYMaeT B XUMHUECKOe B3AHMOeHCTBHE B alcopo- 
I[HOHHbIX Jeno TKaHeH (yuacTBYA B OOMeCHHBIX Mpolleccax) H He YUUTHIBAeTCA 
ypaBHeHHem ajlcopOunn. 

Bo II cepuu onpirop onpelemamuch NOTepH KaJIbIlMA CeromeTKaMU Kapma 
mocye HX TepecaykKH B HepamuoakTuBHyro Boy. Tlocme BprlepwuBaHuaA pb 
B TeyeHHe 6 ¥ac. B TEX *%Ke PakuOaKTHBHbIX PaCTBOPax, KaK H B OMbITax C NOTVO- 
I€HHeM, OHH MepeHocusucb Ha 24 vaca B CBOOOLHY10 OT Ca*®, yacro CMeHAeMYIO 
Bony. Jia OTMbIBKH MCNOJIb30Baacb BOa C KOHUeCHTPallvel KaJIbILMA PaBHOH 
10,0, 40,0 u 100,0 mr/n. B Boge, cogepxamet 10 mr/a Kamba, palwuoakTHB- 
HOCTb PbIO NaaerT, 3HaUNTeJIbHadA UYaCTb PalMOakTHBHOFO KaJIbUMA BbIMbIBAeTCA. 
MakcuMaJbHble N0TepH OOHapyxKuBaloTcA y pblO, HaxXOAMBIWHXCA B PacTBOpax 
C CaMbIM HH3KMM COjlepxKaHHem KasibuuA. Ilo Mepe NOBbIWeHHA KOHWeHTpalluu 
pacrBopos morepu Ca*°® y pbiO ymMeHbllariorcs. 

O6paTHad 3aKOHOMePHOCTb HaOuJlofaercA MA NoTepb oOOmulero KaJbiHa. 
B orimuaue OT pavoakTHBHOrO, NOTepH KOTOPOrO NpOMoMxKaloT YMeHbIWAaThCA 
WM B KOHILEHTPHPOBaHHbIx pacTBopax (80—200 mr/sm), norepH OOnIero KaJIbUnA 
TIpH 9THX 2Ke KOHIEHTPallMAX M3MEHAIOTCA BeECbMa He3HAUHTeIbHO (puc. 2 A). 

IIpu ormpipke B Bose, conepxKameh 40 u 100 mr/n KambunA, COXpaHAIOTCH 
B OOMLEM Te 2Ke 3AKOHOMEPHOCTH, HO MOTePH KaK PalMOaKTHBHOrO, Tak HW OOMerO 
KaJIbILMA OKa3bIBalOTCA yBemHueHHbIMH B 1,5—2,5 pasa (puc. 2 5 u B). 

Bo Bcex Tpex onbiTax y eKaJIbUMHHpOBaHHbIx pbiO NOTepH palWOakTHBHOTO 
M OOULerO KaJIbIHA 3aMeTHO BbIle, VEM HeMeKaJIbILMHHPOBaHHDIX (Puc. 2). 

Ilo qanupm puc. 1 u 2 MoxHO paccunTaTb KONMUeCTBO OOMETO HM palnoaKkTHB- 
HOO KaJlbILuA, OCTABIeroca B pbIGax Nocwe OTMBIBKH. Tak, IPH OTMbIBKe B Boe 
C KOHWeHTpalluel Kamba 10 mr/ Gomee BLICOKHM OCTaATOK Ca*° ormeyeH y pbilo, 
MpeIBapHTeIbHO COMepKaBIUUXCA B pasOaBJIeEHHbIX pacTBOpax. C MOBBILeHHeM 
KOHICHTPallH PaCTBOPOB OH HEIIpepbLIBHO YMeHbIUaeTCcA, a OCTATOK OOMerO Kaib- 
lua yBemuunBaerca. B pacrBopax, coxep2xauyux 80—100 Mr/ KaJIbuua, OCTa- 
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TOK NOUTH He H3MeHsHeTCA. Y eKasIbIMHMPOBAHHDIX PbIO OCTATOK PaHOaKTHB- 
HOrO HM OOmleroO KaJIbILMA OONee BbICOKHH. al 

B To *e BPeMA MPH OTMBIBKe PbIO B BOJe C OOJIee BHICOKHM COep*KaHHeM KaJib-- 
waa (40—100 mr/a) ocrarok o6mero HM payMoOaKTMBHOTO KaJIbILMA YMeHbIaerTca |! 
TombKO B 1,2—1,5 pa3a, a noTepu yBelMuMBaioTcaA B 1,5—2,5 pasa. Ilo Bee! 
BepOATHOCTH, OObACHAeTCA 3TO TEM, UTO OOMbWad YaCTb aJ\CO POL MOHHO oOMe- : 
HMBaIOULerOcA KaJIbILMA BCTYMaeT B XHMHUYECKOE B3AHMOJeCHCTBHE B TKAHEBDIX: 
Reno ppi6. Takoe cBxA3bIBaHHe aJCcOpOupOBaHHOrO BelleCTBa IPHBOAUT K Hapy-: 
IeHuio OOpaTumMocTu afcopOuuu. YBemuyeHHe NOTepb IPH JITOM MpPOHCXOAUNT? 
KaK 34 CUeT OTMBIBKH aJ|COpOMPOBaHHO"O KaJIbILHA, Tak, PlaBHbIM OOpa3oM, H 3al 
cueT OOMEHHBIX Tpoleccos. 

IIpu paspa6orke MeTroqoB MeyeHuA pbi6 Ca*® OcObeHHO BaxKHO 3HaTb CYMMa€p- : 
HY1IO KOHIeHTpalluio KaJIbILHA B Cpese, MPH KOTOPOH MeyeHHe Oyer HaHOosee: 
atpdpekTHBHbIM. Kak noKa3bIBai0T IIPOBeJeCHHbIe HAMM UCCJIEOBaHHA, B Oovlee BbI-: 
COKOM IIPOMeHTe pawWOaKTHBHbI KaJIbIMM HakallIuBaerTca Y pbIO, HaXOJMBIIMX-: 
CA B pa30aBJICHHbIX pacTBOpax C HanOoulee BHICOKMM COOTHOIWEeHHeM Ca*t®/Caoem. 
B Hallux oOmbiraxX ykKa3aHHOe COOTHOWeHHe YMEeHbIlaslOCb MpOMmOpiuMoHasbHO 
YBeIMYeHHIO KOHILEHTPalluu OOulero KasIbllua. Bmecre c Tem aOcCOJIIOTHOe KOVIN-| 
YeCTBO KaJIbILMA, MOFIOULaeMOro pHIOaMH H3 OKPyxKalollel CpeLbl, YBeMYMBaeTCA 
B KOHICHTPHPOBaHHbIX pacTBopax. Orcioja cleqyeT, UTO HaMOO/bWero HakoMe- | 
HHA PaMOaKTHBHOrO KaJIbILMA MOXKHO OXKUMaTb IPH MOMeMLEHHH PbIO B pacTBOp 
C BbICOKHM COOTHOWeHHem Ca**/Catot45 (7. e. C MOBbILIeHHOM yesIbHOH aKTHB- 
HocTbIO). Ho, kak MbI y2Ke OTMe¥aJIH, HACBII[eCHHOCTb aJCOPOWMOHHbIX eno | 
TKaHel y pblO HacTylaer Mp CYMMapHOH KOHWeHTPallui KaJIbILMA B Cpese, paB- 
HoH mpumepHo 80—100 mr/a. Takum o6pa30m, mpu meyeHuu KapmoB Ca*? cue- 
Ayer YUMTHIBAaTh HE TOIbKO YJeJIbHY1O AKTHBHOCTH, HO H OOLee COMepKaHNHe Kaib- | 
WHA B paWOaKTHBHbIX PaCTBOpax, KOTOPOe He JOMAKHO MpeBbIllaTh yKa3aHHoli 
BbIMe BeMUHHDI. 

Ota BeJIM4HHa, BEPOATHO, OIM3Ka K ONTHMAJIbHOM JIA ceroserKOB Kapna, | 
TaK Kak OOecieyuBaer HaHOOublllee HAKOMMeHHe KaJIbIMA B TKAHAX paCTYILHX 
pio. 

Tia BbIMyCKaeMbIX B HaCTOAUee BPeMA MPOMbILWICHHOCTHIO MpenapaTor 
Ca**Cl,, o6nruHO comepxantux fo 200 mr/Ma HocuTens, NpHBeqeHHaA HaMH OL- 
THMaJIbHad KOHIECHTPallHA COOTBETCTBYeT aKTHBHOCTH B 1,0—1,5 m Cu/a. Han- 
OoJulee MpurogHOl Mist MeYeHUA Kapila MbI CUHTaeM AKTHBHOCTS pacrBopa paBHyic 
1,0m Cu/n. B Takom pacrBope KOHMeHTpaluA HOCHTeNA cocTaBuAeT IIPHMepHO 
60 mr/a (1+). [I[pameHennue pacrBopos ¢ MeHbINMMU AKTHBHOCTAMU BPA JIM Weseco- 
00pa3HO [WIA MIpOMOMARUTeMbHOTO MCYCHHA, TAK Kak MOTepH KaJIbILHA Y ppl6 yBemu- | 
YHBAIOTCA 3a CueT OOMCHHBIX MPOMeCCOB MPH MOBLILEHHH KOHWeHT pallu KaJIbILu- | 
€BbIX COeIMHeEHHH B OKDPYx*arolsell cpeye. 


BcecowsHbllt Hay4HO-HccleOBaTebCKUH Ilocrynuso 
MHCTHTYT O3epHOrO HM peuHoro pHIOHOrO 3 Il 1958 
XO3AHCTBAa ; 
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Joknann Akanemun HayK CCCP 
1958. Tom 120, N 3 


BOTAHHKA 


|_| 


| O B3AUMOOTHOWIEHHSX MEDKILY SAPOABILIEM H S3SHXOCNEPMOM 
| HA PAHHHX ®A3AX ®OPMHPOBAHHA CEMEHY KYHKYTA 

| (SESAMUM INDICUM L.) 

| (ITpedcmaeazeno akademuxom A. JI. Kypcanoesim 20 XII 1957) 


B rocueyquee BpeMA MPH H3yYYeHHU PasBUTHA 3apogbiilla u 9HocnepMa OHH 
| paccMaTpuBaloTcsA Ha (POHE H3MeHeEHHH, MpPOMCXOAANIMX B TKAHAX CeMAMOUKH, 
meabasw WM OKONONMOTHHKa (1, 4, 19,118 1815), 

Kak H3BeCTHO, Y MaCJIHYHBIX pacTeHuil 3aposbII Mpoxo_uT nyTb Mop(pouoru- 
 4eCKUX H3MeHEHHH, B KOTOPOM MO2XKHO BUJeTb HECKObKO (a3 Pas/IMYHO! Mposo.- 
| WKuTeMbHOCTH (*°). SapoMbIL KYHAKYTA OTHUAeTCA 3aMeIVICHHbIM POCTOM. uc- 
| epenualluA OCHOBHBIX efO OpraHoB Hactymaer uepe3 10 Aueli Mocne onmmojo- 
| TBOPCHHA, KOra B 3apO]bILUeBOM MeLIKe y2Ke XOPOUIO PasmMuaeTCA MACCHBHbIM 
KJI€TOUHBI: 9HocrepM (puc. 1). SamerHoe yBemMyeHue pasMepoB 3apo/blllla 
_oOOHapyxuBaeTCaA TOKO B 18—20-qHeBHOM 3apoJbllle. 

Hammune croiOuaTbix KeTOK 3TMepMHCa MOJIOJOFO CeMeHH C OUeHb TOHKMMU 
OOol0"KaMH, JIMWICHHBIMA KYTHKYJIbI, pescraBsser u3sBecTubli uuTepec. Mx 

(bopMa BbIABIAeTCA B MepBble JHU MOCMe OMOMOTBOPeHUA UM COXPaHAeTCA B 3pe- 
JIoM cemenu. MoxkHo mpesqno0xKUTb yyacTHe TOHKOCTeHHOFO SMHAepMuca B e- 
peaye MHTAaTeJIbHbIX BeLICCTB H3 OKOJIOMMOAHHKAa K MOJIOJOMY CeMeHH. 

B. TP. Anexcanypos u M. VW. Capyenxo (*), uccnenysa pasBurTue Wloga H CeMeHH 
CJIOXKHOUBETHbIX, MPHMHCbIBaIOT CTOMOUaTHIM KJIeTKaM POJIb MepelaTuHKoB 
MJIaCTHYeCCKHX BelULeCTB OT MATePHHCKOrO OpraHH3Ma K 3aPOJbIllly HM CUHTAIOT 
UX CBOecOOpasHoe CTPOeHHe OTPaxKeHHeM MepHoOa B HCTOPHM pasBUTHA CemMeHH, 
KOrla SIMAepMHC YUaCTBOBAJ B MMTaHHH HW Nepelaye BellecTB H3 OKOJIONIONHUKa 
K MOJIOMOMy CeMeHH. 

Y KYHKYTa HHTePeCHO OTMETHTb BPeMeHHOe MO3eeHeEHHE CeEMATIOUKH HU O6- 
pa30BaHHe XJIOPOMNaCTOB B KJleTKaX BHYTPeCHHELO INHAePpMHCa OKOJONJOAHUKa, 
MpofosKarolleech WO Hauala Wuddepenuualun 3apofpiia; B 4—5-qHeBHOM 
Ce€MeHH XJIOPOMMacThI HCue3aioT. ITH PakTbl 3aCJ1y KUBAIOT Oowiee JeTaJIbHOrO pac- 
emoTpeHua. OueBuyHO, B HauaJbHble (ba3bl OOPa30BaHHA 3apOf[bllla KyHAKYTAa 
XJIOPOMIaCTbI BHYTPCHHEFO OKOJIOMIOHHKa HW CeMAMOUKN MNpHHuMatoTr yyacTue 
B Tlepesaye MlaCTH¥YeCKHX Bel[eCTB H3 OKOJIONOAHHKA B MOOROe CemA. Kak 
USBeCTHO, POJIb H 3HAYeHHE XOPOMMAaCTOB U3MeHAIOTCA B 3ABHCHMOCTH OT YyCJI0- 
BHU: B TKaHAX, PaCMOJIO*KeHHbIX PyOOKO, OHH YUaCTBYIOT B Mpoleccax ruApo- 
J1H3a, MOMMMepH3alluH WM YCHJIMBaloT HHTeHCMBHOCTb OOMeHa BemrecTB (?~°,°,7°). 

B noxpospax 10—15-7HeBHOro CemeHH KYHKYTA OOPasytOTCA MHOPOUHCIICHHbIe 
KPHCTaJJIbI OKCaJlaTa KaIbuua (puc. 2). OMHOBPeMeHHO C NoTepel XMOPONMacTOB 
TKAaHAMM Ce€MeCHHOM KOXKYPHI HM OKOONMIOLHUKA B OONaACTH KJICTOUHbIX Aep 
BOSHHKaIOT HPO/buaTble, Mpu3MaTH¥eCKHe KPHCTaJVJIbl H BO BHYTPeHHeM CuJI0e 
CeMeHHOM KOXKyDpbl, Ha PpaHulle C SHJOTEMMEM, KOPOTKHE KPHCTaJ Jbl KBapaTHOH 
KPUCTaIMMYeCKOH CHCTEMbI, OJHOKJIMHOMepHble H Apy3bl. PyKkoBosCTByACb 
paciOJlO2*KeHHeM KPHCTaJIOHOCHOFO COA Kak WMarHOCTHYeCKHM TipH3Hakom (°), 
MPOHCXOXKeHHe CEMCHHOH KOXKYPbl MOXKHO CBASHIBATb C Hapy2KHbIM HHTCrYMeH- 
TOM CeMATOUKH. 

Mpl HaOsofaM Hayao OKUBICHHOM JleATeJIbHOCTH SHAOCMepMa BCeX 3a 
o6oralleHHeM CeMeHHOH KOXKYPbl KPHCTaaMH OKCaslaTa KaJIbIlMA. TOubKO 
Ip HaIMYHH MaCCMBHOM TKAaHM 2HZocnepMa B 15—18-7HeBHOM CeMeHH HaunHa- 
erca ObICTPbIM pocT 3aposbiiua (puc. 2). OH B KOPOTKHH CPOK BbINOMHACT 3HaudH- 
TEJIbHY!O UaCTb MOJIOCTH CeMEHH, MPH 9TOM YCHJIMBaeTCA MpoTreouTHMVeCKaA Nex- 
TeJIbHOCTb MWaCTH MH YBEIMYHBaeTCA KOJMYeCTBO XKUpa. PaspacTaHue 3aposplllla 
COMpOBOXKMaeTCH PaCTBOPeHHeM KPHCTAJVIOB KPUCTaIOHOCHOrO CIIOA, a TakrKe 
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WTONbYATbIX KPHCTa/JIOB CeMeCHHOK KOKYPbI, BSaMeH KOTOPBIX MNOABJIAIOTC 
OKTa3IPbl, OHOKJMHOMePHble KPHCTaJWIbl H Apysbl (puc. 3). B smuqepmuc 


HAM liad 


Puc. 1. Ilpogombupilt paspes 6- u 9-qHeBHOrO CeMeHH KyHKy- 

va; 1 — ueTbipexkKseTOUuHbIi Mper3apompur c MoOABeckom, 2 — 

KJICVOUHIM SHJOCMepM C KPYNHEIMH ApaMy, 3 WM da —ceMeHHaA 
Kowkypa, ¢ — 9-_HeBHBIN mpessapoyplu 


co3peBalollerO CeMe€HH BO3HHKaloT KPpynHble cCdepoKpHctalbl, MO OFHOMY 
y BHelIHeH CTeEHKH SNMAepMaIbHOM KeTKH (puc. 4). Cmeny KpncTasuIMueCKUX 
(POpM OKCaJlaTa KaJIbILWA MOXKHO OOSACHHTL H3MCHEHHEM PeakIHH Cpebl BHYTPH 
KJICTKH, (PEPMEHTATHBHbIM PaCTBOPeHHeM KPHCTaIOB HW HUCNOJbSOBaHHeM UX 
B KaveCTBe 3HeprommactHyecKoro MaTepuasia (°). 

Iloyq BAMAHUeM pacTyMero 3apOsblllia SHJOCMepM CaBJIMBaeTCA MH OTOABHTa- 
eTCA K NOKPpOBaM CemMeHH. Takum oOpa30M, 3apOfbIlll, 9HOcMepM HM CeMeHHas 
KOXKYPa OKa3bIBalOT B3aMMHOe HM MHOFOCTOPOHHee BOSAeHCTBHe B Mpollecce @op- 
MMPOBaHHA CeMeHH KOH2KyTa. PK3HeeATeIbHOCTh Z9HAOCHepMa MOBbILWaercs 
TOJIbKO Tlocuie O6Opas0BaHHA B CEMeCHOH KOXKYPe MHOTOUMCJICHHbIX KPHCTAaJIJOE 
OkCaJlaTa Kalbiua. YCHIeHHbIM POCT 3apOfbIllla BbISbIBaeT H3MeHeHHe KPUHCTad. 
JMYCCKUX POPM OKCaJaTa, HaPpAY C STHM CaBJINBaHUue HU OOMHTepalluto TKaHel 
SHQOcTepMa. 

B mponecce opmMupoBaHHaA CeMeHH paHee UCCeOBaHHbIX MaCJIMUHbD 
PaCTeHW BLIACHAIOTCA COXKHbIC B3AMMOOTHOIMCHUA ME@XKLY 3apOMblllieM, IHTO 
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fi c 
criepMoM M MaTepHHcKuM pacreHiem (1°), QHepru4HbId PocT saporplilia Ha Ty 


MaeT TOMbKO IPH TaKUX yCJIOBMAX oKpyxXalomljel ero CpeAbl, KOTOPbIe NOSBONIAIO 
yCTaHOBHTb TeCHbIM O 


a 6 MeH BelllecTB C MaTe: 
PHHCKHM OpraHH3MOM{ 

Ilepexoy 3apompilwé 
K YCHJICEHHOMY pOCcTy 
HacTymaeT uepes pa3; 
uuHoe uncO §6Heb 
floce  OMWIOOTBOPe? 


es : wi os = ; . ae Sg a oa \\ 4 
HN = 


IMM HW pocta.3apoAbIUl 
HeOOXOMMMbI onpeyie- 
JIGHHbIe YCJIOBHA, KOHT- 
pomupyemble u3sHowio- 
rHYeCKHM H MOpoulorHu- 
YeCKHM COCTOAHHEM 9H- 
jocriepMa, CeMeHHOM 
KOXKYPbI HW OKOJONMIOL- 
HHKa, U4TO MO3BOUIAe 
TIpeAMONOKUTb HaH 
uve y pacTeHus onpene- 
JICHHbIX (a3 elle B 3a 
POJbILUeBOM COCTOAHHM.| 
Ilo mepe pocta 3a 
poawpila HacTylaror 
Puc. 4. [Ipogzopupiit paspes cospeBatoulero ceMeHH KyHxKyTa; /— rilyOOkHe W3MeHeHHA By 
cbepoKpHcTadbl OKCaaTa KaJIbIMA y BHeWHeH CTeHKM KJeTOK CTPOCHHH UH (pu3 HOJIOrH- 
smumepmuca, 2 — ceMeHHasd KoxKypa, 3 —KJleTKM 9HocMepMa,4—  yeCKOM COCTOAHHH 9EH- 
3apOybIlI: a — Navcaywad WapenxuMa cemafomeH, b—Kopeiok, jocnepma ceMeHHOH KO- 
6— remMyula, 5 —NoulocTb CeMeHH s _| 
X*KYPbIH OKOJIOMIOIHH 
Ka:yCHJIMBaeTCA MaCJ1OOO pas0BaTeCIbHbIH MpOlecc, H3MeCHAeTCA XaPaKTep eATEIb- 
HOCTH WwacTH; Y KYHKYTAa MH KJIeCULCBHHbI H3MCHAIOTCA KPUCTaJIMYecKHe POPMbI 
OKCaslaTa KaJIbILMA, NOK a3 biBatollue rlyOokHe H3MeCHeHHA PeaKUHH Cpebl BHYTPH | 
KeTKH Mw mp. (1°). | 
Pa3MuHble TeMIbI POPMUPOBaHHA 3bIPOMbILIa MACJIMYHbIX PaCTeHHH H CTeMeHE 
KHB3HEACATEJIBHOCTH SHOCMepMa MOTYT CJIYXKUTb OMHHM H3 KPUTepveB MpH. 
OMpeAeIeHUH CPOKOB BHEKOPHEBHIX MOAKOPMOK. Ox MOryT ObITh HCMO/Ib30BaHbI 
B paOoTax pH BereraTHBHO TuOpnANsallMH, a TakKxKe IPM BbIACHeHUM BHYTPeH- 
HUX (PaKTOPOB, ONPeeNAIOULUX HEMOMHOWEHHOCTh CeMAH (Ly M10cTb (1°)) HW HHTeH- | 
CHBHOCTh MacJOOOpa30BaTeIbHOrO IIpoltecca. 


Beecow3Hbllt HaydHO-HcCeqOBaTebCKHM MHCTHTYT Ilocrynnso 
MACJIMYHBIX HW SPUPO-MaCJIMUHbIX KyJIbTyp 12 VIII 1957 
r. Kpacuoyap 


HWUTHPOBAHHAA JIMTEPATYPA 


1B. Y, Anmexcau”Apos, M.W.Caspuenuko, Ip. bor. uncr. AH CCCP, cep. VII} 
B. 2195). -* Bal; Anexkcaunpos A. CoTumMobcessk. BE. ll xak agi, Meee 
Il anuy3e, Kypu. Pycek. 6or. o6uy., 11, Ne 12 (1956). %B.T.Anexcaunazpos,M.C. 
Axosaes, J.B. Kaumouxkuny a, Bor. axypu., 82, 4 (1947), *B.T. Anexcaunyg- 
pos, M.H.Capueuko, Bor. xypn., 34, 2 (1949). °B.T.Amexcaugpos, H.B. 
Ilepspyxuua, Tp. Bor. uncr. AH CCCP, -cep. VII, B. 3 (1952); 8B... Amexcaug- 
pos, A.C, Tumogees, )Kypx. Pycex. Gor. o6m., 10 (1925). *E.T. Pw66eunrT, 
Pacrenue u xnopodunn, W3q. AH CCCP, 1951. §&M.]1.Wogde, WAH, 82, Ne 3 (1952). 
9A. Jl. Taxtragws«auH, Mopdhonormueckad 9300UMH MoKpbirocemeHHbIxX, M., 1948. 
10M. C. Akospaes, Tp. Bor. uncer. AH CCCP, cep. VII, 8.1 (1950). UA.C.Monunes- 
ck ul, W38. AH-CCCP, cep. 6uom., Ne 2 (1950). 2M. .U0 te, Tp. Bor. uxcr. AH CCCP, 
cep. VII, 8.4 (1957), B.A. Tonny6uHasn-Apunoabgnu, Broan. Inasn. Gor. cana, 
Ne 14 (1952). 14A.U.Uanuna, AH, 65, N 1 (1954). 4° A.W. Uab5una, Becrn. cenp.- 
X03. HayKH, 6, 99 (1957). 
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-OHAJIBHBIX IJTIPOMWeCCOB, MpOTeKalOulux B 


Hoknuangn Axkanemun Hayx CCCP 
1958. Tom 120, N 3 


IKCHEPHMEHTAJIBHAH MOP®OJIOPH A 


lr. B. XAPJIOBA 


PETEHEPAUWHWA SAMUHHKA Y BEJIBIX KPbIC MOCJIE NMEPEBS3KU 
ErO COCYAHCTO-HEPBHOrO NYYKA 


(I]pedcmaéaeno akademukom E. H. IMaeaoeckum 10 II 1958) 


PerenepalluA AHYHHKa Y MJICKONMTAIOUMX HeOJHOKpaTHO Cay2KHJIa OObeK- 
TOM ucceyqopanua (', °,7,° 4). Ho mpu 97Tom ycoBua, oOecneunBalollne HaH- 
uHe pereHepallHOHHOrO Mpollecca HW CiocoOcTByroule ero MpoTeKanuio, usyya- 
JIMCb JIMIUb B HeOOJIbIIOM uuCuIe paOor ("). BMecte c Tem 3HaYHTeIbHad rpynma 
uccsleqoBatenen (JIumutoTy (*), 3ykepMmax (14) H corp.) MpoxosmKaloT CUHTAaTb, 4TO 
MCTHHHOH perenepalluM AMYHUKA MOCe TpaBMHpOBaHUs STOTO OpraHa He MpoUc- 
XOMHT. C MX TOUKH 3peHHA, TpPaBMHPOBaHHbIM AMYHUK HCMBITBIBAET JIMIb PuMep- 
Tpoduio B pe3yJIbTaTe CO3peBaHHA COxpa- 
HMBIUHXCA B HEM TeHepaTHBHbIX 3JIeMeH- 
TOB. 

TakuM 06pa30M, BOMpoc O BO3MO2KHO- 
CTH MOJIHOWCHHOH pereHepalluv AMYHNKAa 
M YCJIOBHAX ee MpoTeKaHHA Bce elle 
ocTaeTca JHCKyCCHOHHBIM. 

OcHoBHOH 3ayaueH JaHHoro uccelo- 
BaHHA ABHJIOCb H3y4eHHe Mpomecca pere- 
HepalHH AHYHHKa y KpbIC Ip pa3JIMuHbIX 
(pPH3HOJIOFHYeCKUX COCTOAHHAX OpraHu3mMa 
HM MOMCKH YCJIOBHH, CMOcOOCcTBYIOINX Ha- 
WJIyUIWeMy TeYeHHIO pereHepallHOHHOTO 
mpowecca. OcoOeHHO Hac HHTepecoBao Co- 
MOcTaBJIEHHe MOPPOJIOrHyeCKHX H PYHKIUH- 


AMUHHKe B NepHo ero BOCCTAaHOBJICHHA 
MOcJI€e TpaBMBl. Puce. 1. Cxema omepaluu 

Mb! BBI3bIBaJIM pelapaTHBHYyIO pereHe- 
palluio AMUHHKA, HakslaybIpad JIMraTypy Ha COCYAMCTO-HepBHbIN MyyoK, BXO]sA- 
WMH B AWUHHK (3). HanowKenne HraTypbl mpHBosMO kK erenepalluu | NouTH 
BCeX CiellMPuueCKHX IJICMCHTOB AHUHHKAa, T. e. BbI3bIBAIO CHJIbHOe paspy- 
meHue opraHa. IloppexfeHHe, HaHOCHMOe TaKUM ITyTeM AMYHUKY, MOCTaTOUHO 
ObICTpO JIHKBUAMpoBaiocn. 

TIoQ0nbITHBIMM XKUBOTHBIMM CJIYKUJIM MOMOBOSpesIble OesIble KPbICbI BYX Be- 
copbix KaTeropuit: 110—150 u 200—260 r. Bcero 6pi10 HcnompsoBaHo 119 Kppic. 

[paspiii swunnK (BMecte c TpyOamu Mu BepxHeli 4UacTbIO pora MAaTKH) BO BCeX 
CuyyaixX yWaAsICA, a Ha COCYAMCTO-HepBHBIH MyYOK JIeBOrO AHYHNKA HakJaIbl- 
BalaCb JIMraTypa, KOTOpad He CHHMasacb No Kona onbira (puc. |). 

Visyyaiucb MoceqoBaTeJIbHble H3MCHCHHA CTPOeHHA AWYHHKAa Kak TNocwe 
onepalluu, TaK M B NepHoy perenepaluu. 7 

TapausesbHo c MopdosiorMuecKHMH HCCeOBaHMAMH B PAE CepHu Uccse- 
OBasIOCh BOCCTaHOBJeHHe (YHKUMH AWYHHKa — MIpOCJe7KUBaIHCb MOJIOBbIe 
IMKJIbI pH MOMOMH MeTOa BJlaraJIMUHbIX Ma3KOB. 

Jina W3y4eHHA TUCTOOTHYeCKOrO CTPOeHHA AMYHHKOB 2KUBOTHbIe 3a0uBa- 
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wiucb uepes 5 muu., 3, 6 u 12 uac., 2 cyroK u Jasee B pasHble CpoKH Jo 60 cyToK 
mocme onepatun. SuunuKk cbukcupoBaica »*HAKocTbIO IleHkepa, 3aJMBasICA 
B Mapadun. Mpenapars! okpaliMBaJiMCb TeMaTOKCHJIMHOM, 303HHOM, M10 Jlomu- 
HHUH B MOsMuKauHH KespoBcKoro, TeMaTOKCHJIMHOM H OCHOBHbIM paCTBOPOM | 
Mauastopu, a3aHom u no Menpreny. [IpousBosHJIcaA Noscuer YHCJIa TeHepaTMBHEIX | 
QJIEMeHTOB B AMYHMKaX Ha pa3JIMUHbIX cpoKax perenepanun. IIpu nogcuete | 
YUNTHIBAIHCb BCe PeHepaTHBHbIe BICMCHTbI, KaK-TO IIpHMOpMaJIbHbIe POJIMK YJIbI, 
pacTyuue PoMINKY bl, PpaacdoBbl My3bIPbKH, *KeJITbIe Tela MH aTpeTHYeCKHe CPOJ- | 
JMKYJbI. AMYHAKH paCKaMbIBaIHCh Ha Cpesbl, TOMMHHOH 6 pw. [loyqcuer mpousso- | 
WusICA B KaxkoM 5 cpese. 

Msyyenne rucToslormueckux lipemapaTos loKa3aJlo, YTO MOCcle MepeBASKH CO- 
CYMCTO-HepBHOrO My4kKa BO BCeX TKaHAX AWYHHKA HaOroJawrcaA riyOoKue 
JIeCTPYKTHBHbIe H3Me€HEHHA, CHavala JECTpyKUMH NOABeprawTcA OOWMTbI rpaa- 
(OBLIX ITY3bIPbKOB WH pacTyMHXx *osWUKyOB. OouNTbh! IpHMOpAHaJbHbIX Coul- 
JIMKYJIOB COXpaHAOTCA HECKOJIbKO JOJIbUUIe, HO K KOHLY 2 CyTOK OOJIbLIMHCTBO 
OOWMTOB JereHepupyior. 

MakcvMaJIbHoe pa3pylleHve reHepaTHBHbIX 2JIEMeHTOB AHYHUKa HaOJiO- 
jaeTca Ha 2 cyTKM Mocue onepanuu (puc. 1A). K stomy BpeMeHH B AMYHHKAX CO- 
XpaHSAIOT %KM3HECHOCOOHIM BHA JIMIIb HeKOTOpble KJIeEeTKH TepMHHAaTHBHOrTO 
STMTeIHA, COCPAMHUTeIbHOH TKaHH, TlaBHbIM OOpa30M OeKOBOH OO6oOuIOUKH, H 
HEKOTOPBIe KJI€TKH SHAOTeIHA CocyfoB. Bce octTaJIbHble KJICTOUHbIe IJI@EMeHTHI 
norudatwr. Y 8 u3 10 nomoBo3spenbix Kpbic Ha 2 JeHb Mocse oNepalluu BCe OOILMTHI 
B AMYHUKE OKa3aJIHCb pasp YIWeHHbIMH. Hu oAHoro MpHMOpANabHOrO CPomIUK Ysa, 
He 3aTpOHyToro MpomeccaMH eCTpyKUMH, OOHAPYXUTb He yasocb. Y 2 »xHBOT- 
HBIX B OJHOM M3 yYaCTKOB AMYHHKAa ObLIO OOHAPYKEHO HECKOJIbKO (POJMUKYJIOB, 
HECOMHEHHO %KH3HECTIOCOOHEIX. 

Ha 3—7 cyrkn nocue onepaluu Mpolecchl rH6eM CTPYKTYPHbIX 3JIEMeHTOB 
B AHYHUKAX MpOMOKawWTCA, OMHAKO HapAy C STHM TIO XOAY Mpopactrarouax 
B AHYHHK KPOBeCHOCHBIX COCYJOB Ha4HHaeTCA MpomMdbepaluA CoeMHHTesbHO- 
TKAHHBIX 9leMeHTOB. B yuacrKax posmMdepupyrouleH CoeMHUTeIbHOH TKAaHH 
B 9TH CpOKH yallle, 4eM B Oovlee paHHWe, BCTpeyaioTCA eAUHHUHbIe WIM pac- 
MoararoulMecaA rpyniaMA MpHMopAMabuble POMIMKYJbI. ITO NosBodAeT Mpel- 
NOOKUTH, YTO OTACIbHbIe (POJUKYJIbI, HAOMONAOUlMeCA B AMYHHKAX Ha 2 JIeHb 
mocsle onepalun , WudpepeHIMpOBaJINCb 3aHOBO, a He COXpaHAJICh OT paspyuleHua 

Creqbl PHOHYBILMX PpaaoBbIxX My3bIPbKOB, PacTYULUX (PoMMKYJOB, IKeJITBIX 
Tes MOYKHO HaOJOfaTb elle B TEYeHHE ONpeseeHHOrO Mepvosa, HO 3aTeM H OHH 
ucuegaior (8—15 gueit). 

Hicxoy onbira Moxker ObITh pasIMUHBIM: B pAye Cyyaew MpOHCXoLUT MowHaA 
aTpopuA AMYHHKA, B J[pyrHX —KHCTO3HOe HIM xKMpOBOe repepoxeHue 
M B Tpe€TbHX, HaKOHell, — pereHepallua. 

HeoOxotMMo OTMeTHTb, YTO y2Ke Ha PaHHMX cpoKax Mocueonepanun (2 u 
5 eHb) KapTHHbl, HaOmOLalolwMecHh B AMYHUKAX Y paSHbIX X%KHBOTHBIX, OUCH 
HeoMHopoHbl. B OHUX Cy4aAX MOXKHO BUJeTb JIMMb ryOoKue ecTpyKTHUBHBbIe 
u3MeHeHuA. B AMYHMKAX JIPyYPHX 2KMBOTHBIX, Ha4YMHaA co 2 u 5 WHA Mocae one- 
pallu, Ha OOuleM bone AecrpyKTHBHBIX H3MeHEHHIi NOABMSIOTCA MIpH3sHakH IIpo- 
aHuepalun TKaHeH, NOABAIOTCA MMTOSbI B KJIETKAX TeHepaTHBHOPO SMMTeIMA 
HM COC(MHUTeIbHOH TKAaHH. 

Cpe aKTHBHO Mposmndepupywulel coeqnuHnTenbHOH TKaHH, TaM rye B Hee 
MIpOPOCJIM KanHJApbl, HAOMOLaIOTCA eMHMYHbIe IpHMOPAMAIbHbIe (POMAMKYVILI. 

Pa3IM4HA B CTPOCHHM OTJCJIbHBIX AMYHHKOB, OTYCTMHBO MpOABIAIOUIMeCA 
Ha PpaHHHX Cpokax NocJe onepallMu, B TabHeHiem euje ycusuBariorcs. Tlostomy 
Ha OCHOBAaHHH CpaBHUTeIbHOTO aHaJIM3a CTPOeCHHA AMYHUKOB, 3acpHKCUPOBaHHbIX 
B pasuble CpOKH, He YAaBallOCb BbIBECTH KakOli-MOO eCAHHOH 3aKOHOMepHOCTH 
pereHepallMonHoro mporecca. 

MbI nonbirauch HaHTH OOLLYIO 3aKOHOMepHOCTh B TeyeHHe pereHepalluoHHoro 
Hpouecca, MpHMeHuB MoOpopusHomorMyeckHH aHasM3, WHaye roBopsA conocta- 
BUB MOp(osornuecKHe H3MCHEHUA B AWUHMKe C BOCCTAaHOBJIeEHHeM ero (yYHKUMO- 
HaJIbHOH JleaiTebHOCTH. 
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OHM 3 OCHOBHBIX KpHTepHeB BOCCTAHOBJeHUA (PYHKIMH AMYHHKOB, JO- 
€TaTOUHO TOUHO PerHCTPHpyeMbIM, ABJIAETCA BOSOOHOBJCHHE MpepBaHHbIX B pe- 
3YJIbTaTe ONepallHH NOJOBLIX WMKOB. Okasalocb, 4YTO B JeHb MepBoli mocwie 
ollepallH TeUKH AMYHUKHM OMepHpOBaHHbIX 2KHBOTHBIX BCera HMeIOT XapakTep- 
HOe CTpOeHHe, HECMOTPA Ha TO YTO BOCCTAHOBJICHHE MOJIOBbIX IMKJIOB Y pasHblx 
*KHBOTHHIX MIPpOHCXOAMT B pa3Hble CpOKH Nocae onepauyuHu (7—19 quel). 

Bomba 4acTb AMYHHKa, 38acpHKCHpOBaHHad B JeHb MepBolt TeUKH, 3aHATA 
COCIMHUTEIbHOM TKAaHbIO MH PaspYWalOlNHMHCA KJeTKAaMHM CTapbIX XKEJITHIX Ted, 
PeHepaTHBHbIX IJICEMeCHTOB OYCHb MaJIO H OHH 3aHHMAIOT JIMUIb HeEOOMbWON y4ac- 
TOK oprana, pacovlarascb OObIMHO C KaKOH-HHOyb OLHOM CTOpOHbI, HesaseKo 
OT MOBepXHOCTH AHYHHKa. 

QTY “acTb MOBepXHOCTH OObINHO NOKpbiBaeT KYyOMUeCKHH, pexke MmocKHH 
snutemHi. Mox OeikoBol oOo0UKON pacnovlaraiwrcd NpHMopAMaJIbHble, pacry- 
ule (POJWIUKYJIbI, PpaapoBbl Wy3bipbKH H Moobe wKeuTle Teta. UacTo B TaKHX 
AMUHHKAX MOMKHO HaOIOAaTb BLIPOCTHI, B KOTOPbIX pacnoslaraiworca NpHMopsHu- 
AJIbHble (POJWIMKYVJIbI. . 

Bec pereHepHpyiollero AHYHHKAa B JeHb NOABJICHHA MepBOH TeEYKH paBHAeTCA 
BcpefHeM 9,8 Mr, OTHOCHTeIbHbI Bec 0,006%, B TO BpeMaA Kak Bec MapHoro, 
MpaBoro AMYHHKA, yaJIeHHOTO pH ollepalluvH, B CpedHeM Opi pape 16,5 mr, 
a OTHOCHTeJIbHBIH Bec 0,01 %. 

Ha oCHOBaHHH NOJCYETOB OTACJIbHbIX IICMCHTOB AHYHHKA OblWIO WOKa3aHo, YTO 
pereHepupYIoulMit AHUHHK B eb HaCTYIJIeHHA NepBol TeEUKM HMCET OTHOCHTEJIbHO 
HeOO/JIbIUOe UHCIO TeHepaTHBHBIX IICMCHTOB, IpHXoAleecaA Ha Cpes (B CpeqHeM 
6,8) H HeOoMbIIOe YHCIO MpHMOpAMaJbHbIX (OJWIMKYJIOB BO BCeM AMYHHKe 
(mB cpeftHem 17,9). 

Tlocae HecKOJIbKHX TeYeK AHUHHK MpHNoOperaer CBOHCTBeEHHY!O eEMY B HOpMe 
cTpyktTypy (puc. 28). 

6coJNOTHbIA Bec pereHepHpylollero AHYHUKAa paBeH B cpesueM 27,/ mr, 
OTHOCHTeIbHBIM 0,01%, T. €. He OTMHYAaeTCA OT OTHOCHTeIbHOrO BeCa AHYHUKA 
HOPMAaJIbHOH KPbICHI. 

Cpemnee uCIO reHepaTHBHHIX 9JIEMeHTOB, MPHXOMAMMXCA Ha OHH Cpes 
B pereHepHpOBaBILEM AMYHUKE YAUBOTHHIX, 3aOHTbIX MOC YETbIPCX MOJOBbIX 
IMKJIOB, 3HaYHTeJIbHO yYBeMuMBasocb (c 6,8 fo 34,0) uM cakTHYeCKH HHYeM He 
OTAHUANOCh OT UHCIa FeHepaTHBHbIX 3JICEMeCHTOB Y HOPMAaJIbHbIX 2KHBOTHBIX 
(35,6). SHauHTeIbHO yBeJIHUMJIOCh B AMYHHKE M YACAO MpHMOpAHaJbHbIX Povl- 
mukysoB (c 17,9 qo 36,8). 

IIpupelenHbili MaTepHaJl MOSBOJIACT 3aKJIIOUMTb, YTO Mexy MpolleccaMu 
BOCCTAHOBJICHHA AMUHHKA KM ero CYHKUMOHAIDHOH JeATEJIbHOCTbIO HMeeTCA 
ompefesieHHat CBA38b. Onupasch Ha 9TO HaOJIOAeHHe, Mbl pasteMAM Mpotecc 
pereHepallu Y MOJIOBOspevIbIX KPbIC Ha 1Ba NepHosa: 1-4 mepHo — oT MoMeHTa 
HalOKeHMA IMraTypbl NO HaCTYMeHUA NepBoro NOMOBOrO WuKsa; 2-H NepHod — 
HauvHad CO JHA HACTYMJeHUA epBoro WHKJa HW KOHYAaA BpeMeHeM, Kora Mpou- 
uy? 3—4 wuksa. STH MepHosbI MbI ycOBHO OOOsHaYaIM Kak «OPYHKUMOHAIb- 
HbIM» HW «pYHKUHOHAJIbHbIM». 

Haim WaHHble CBHCTEIbCTBYIOT O MOABJICHMM HOBbIX MOJIOBbIX KJIETOK y MOJIO- 
BO3PeJIbIX KPbIC B Mpowecce pellapaTMBHOM pereHepallud AMYHUKA. Tlostomy 
AUWHUK H@Ib3A paCCMaTPHBAaTb KaK OpraH C ONpeeJieHHbIM, CTporo OrpaHuuen- 
HbIM P€3CPBOM MOJIOBbIX SJIEMCHTOB, UHCMO KOTOPbIX MO?KET JIMLUIb YMCHBINHTLCA 
B pesyubTaTe TpaTbl HX, HO HUKOHM OOpa30M He yBeJIMYHTECA. 

JletasbHO NpocseAUTb Mpollecc OOpasoBaHHA OOMMTOB M3 KJCTOK, COXPaHAlo- 
IHX 3KM3HECIIOCOOHOCTH Nocde OMepalw, Mbl He CMordiM. OHakO H3BECTHBIC 
ykKa3aHua Ha pOuCXxofAlMe Mp STOM MpOleccbl BCE aKe Obl Moy4eHbl. B HeKo- 
TOpbIxX AM4HUKAaX Ha 10 NeHb NocuMe ONepallHn MbI HaOMOLaNH KAPTHHPI, KOTOPPIC 
MOXKHO UCTOJKOBaTb Kak OOpas0BaHve (POMWIAKYNOB U3 KJICTOK repMHHaTHBHOTO 
snutenmua. B. Tpacrod (*) B TpaHCMaHTHpoBaHHbIX AMYHHKAX KPOMMKOB Ha- 
OmrOflasl NepexomHbIe cTaMH MexK/y TepMHMHATHBHDIM SMHTeIMeM M OOTOHHAMH. 

B pale cmyyaes B CTpoMe pereHepMpyionmx AMIHMKOB pacnowaraJiCh 
OTICMbHbIC STIMTEMMAbHbIe TAKH, OOpas0BaBliHecA U3 (pOIMKYIApHOrO STIMTE- 
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JIMA PaspYWeHHbIX PoIMKYIOB (pc. 3). MoxkHO MpeANOsOKUTD, uTO Still 
(bOpMUpOBaIHCbh H3 KM€TOK TaKUX IMMTeMAIbHEIX THKeH. Talinop (°), HaOm10 
J\aBIUM NOMOOHbIe KaPTHHbIB KYJIbTYpe TKaHeH AMYHHKa YeIOBeKa, CUHTAET, ITO: 


OOLMTHI MOryYT OOpasoBaTbCA U3 OMIUKYMAPHOTO SMMTeEMMA WereHepHpYIOUlMNX 


NIPHMOPAMAaJIbHbIX POJWIHKYJIOB. | 

Ilepepaska cocyucTO-HepBHOrO NyukKa AMYHHKa Y KPbIC NPHBOAUT K HeOJH-- 
HaKOBbIM p€3YyJIbTaTaM, BAPbUpYIOUMM OT peskKOH AereHepallMu M MOMHOK aTpo-- 
(UN AMUHMKa Jo NomHOM pereHepallMu 2TOTO OpraHa. ITH JaHHble CBUETEBCTBYy- 
OT O CYIL€CTBOBAHHH YCJIOBHU, KOTOpble B OJHUX CJlyYaAX CMOCOOCTBYIOT, a B 
IpyruX MpenATcTBy!IOT pereHepalMOHHOMY Mporeccy. 

B cBx3H C 9THM Y HaC BOSHHKJIO MIpeAnosO*KeHHe, YTO BOSeCHCTBHA, H3MeHAIO- 
ile COCTOAHHe OpraHH3Ma H ero MoMOBOH csepbl, MOryT OKa3aTbCA He Oe3pa3- 
JIMUHDIMH JWI TEUEHHA pereHepallHuH AMUHHKa. Kak u3BeCTHO, CHCTeMaTH4eCKoe 
pasipaxkenne Barala M IWeHKH MaTKH BbI3bIBaeT Y KPbIC ABJICHHE «JIOXKHOH 
6epemeHHocTh» ((}”,18), H Ap.), BO BpeMA KOTOPOM B AMYHUKe yCKOpAeTcA Co3spe- 
BaHHe (POJJIMKYJIOB HW XKeJITHIX Te, T. €. YCHHBAIOTCA Mpollecch! Pusnosornye- 


CKOH pereHepallWu, HapymaeTCA NpaBuJibHadA MepHOAHYHOCTS NoOJOBOrO WMKJIa. | 

MoxHO ObIJIO MpeANOOKHTb, YTO BO3STEHCTBUA, YCHJIMBAIOILHe Mpolleccht | 
(H3HOOrMYecKOH pereHepalMv B AMYHUKE, OTPa3sATCA Ha powecce penapaTuB- | 
HOH perenepauuu. Apou u Apou-Bptouvertbep (?), 1pHMeHAa MexaHNyecKoe pasapa- | 


*KeHHE BUaraHla, NOY IJIN B AMYHUKe MOPCKHX CBHHOK pa3pacTaHHe BHYTpeH- 
HeH OOOOUKH (COJWIMKYIOB WH YCHJICHHY!0 BaCKYJIApHsallMio AMYHHKA. 

Jia pa3spaxkeHHA MpOBOAAUMX MOJIOBbIX IyTeli MbI BOCHOJIb30BaJIHCb 
IpHe€MOM, KOTOPHIt OObIUHO IIPHMeHAIOT JIA KOHCTaTallMu (a3 MOOBOTO WHKsIa 
(BSATHE BalaIMUHbIX Ma3KOB CTeKJIAHHOM MaJlOuKON), JIMIIb HECKOJIbKO YCHJIMB 
CTeNe€Hb Me€XaHHYeCKOrO pa3{paxKeHHA MOJOBbIX MyTeil. 

Bee >KHBOTHHIe OblIM pasOuTbI Ha ABe rpyunpl. Y o_Ho rpynupl 3a Hee0 
No onepallun co 2 AHA Nocme onepallHH HM YO KOHIa OMbITa Opamcb Bulara- 
JIMUHbIe Ma3KH. Y KOHTPOJIbHOH Tpynlibl Ma3KH HH JO, HH Moce onepalun 
He OpasIHcb. 

Mexannyeckoe pa3ipaxenve BularaMila WU WelKH MaTKM MpousBORMOCb 
y 22 2KMBOTHBIX. PereHepallua Mponsoulia B 20 cryuanx, B 2 cmyuasnx ee He HaGwI0- 
Janocb. B KoHNTpose perenepallHA HaOmOalacb ToubKOo y 14 u3 39 npo- 
ON€PpUPpOBaHHbIX MOJOBO3PeJIbIX KPbIC, T. €. M@HbIUe€ YeEM Y MOJOBHHbI %xKH- 
BOTHBIX. TakuM OOpasoM, B HalUHX OMbITax U3MeHeHHe ycOBUli (pa3qpaxenne 
NPOBOAAMMX MNOMOBHIX IyTeH) IpHBONMO K TOMY, YTO pereHepupoBasIH AMUHUKH, 
KOTOPble Mp OOLMHBIX YCIOBNAX OKa3bIBaIOTCA HECHOCOOHBIMH K pereHepalluu. 

Kpome Toro, Hall JaHHble yKasbIBaloT, YTO AHUHHK JOCTaTOUHO UyTKO pea- 
PupyeT Ha H3MCHCHHA, MpOMCXOAAMe B ApyrHX OpraHax MOOBOM CHCTeMbI, 4TO 
BbIParkaeTCA B MPOABJICHHM PereHepalMOHHOM CIOCOOHOCTH B OTBET Ha pa3pa- 
*KeHHE BJlaraila U welikH MaTKH. 


Tloctynusto 
26 IX 1957 
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PHSHOJOTH 


A. Tl. JOWEHKO 


M3MEHEHHA NMPOHHILAEMOCTH TEMATO-3HUE®AJINYECKOFO 
BAPbEPA TIPH 3AKPbITOM YEPEIIHO-MO3rOBOH TPABME 


| (ITpedcmaeaeno axademuxom JI. C. Ilmepn 12 IT 1958) 


PaOoramu JI. C. Irepo u ee yuenukos OblI0 ycraHOBJeHO, 4YTO remaTo- 

—- sHUledhasuueckuli Oappep (TOB) urpaer BaxkHY10 POuJb B JeATeMbHOCTH WeHTpasb- 
HOM HepBHOH cuctemp! (*, 7). Mu xe ObI0 NOKasaHO, 4TO Mp psAe NaTouOrH- 
YeCKHX Mpoleccos (woK (°), HHdekuHH (3), HHTOKCUKalunH (4), Wy4ueBOe NOpaxe- 
Hue (°)) MpoHHuaemocTh Gapbepa H3MeHAeTCA, a STO HEH3O@2%KHO CKasbIBaeTCH 
Ha jJI@AT@IDHOCTH WeHTPaJIbHOH HePBHOH CHCTeMbI HM KJIMHHYeCKOH KapTHHe 
- 3a00eBaHHA. CKa3aHHOe OTHOCHTCH HM K YepenHO-MO3sroBolt TpaBMe. Mmeounecsa 
110 3TOMY BOIpocy vIHTepaTypHble JauHple (’,14) cBuereILCTBYIOT O TOM, 4TO 
TPaBMa MOS8ra CONPOBO*KAaeTcA NOBbIWeHHeM MpoHuaemocTu TSB, uto Oo u3- 

| BeCTHOM CTeMeHH OOBACHACT TAKEJIbIC KIIMHHYeCKHe MPOABJICHUA 3a60eBaHHA. 

Saqaua HacTrosmero HCCeqOBaHHA 3akJIOUaach B TOM, UTOObI H3YUTHTb 
mpouutiaemoctb IOB B akcnepuMeHTe Yepe3 Pa3JIMYHbIe CPOKH Tocse HaHeCeHHA 
2KHBOTHBIM (COOaKH, KPOJIMKH) TPaBMbI TOJIOBBI. 

Sak pbiITad YepeNHO-MO3POBad TPaBMa MPOH3BOMI ach HAHeCeHHeM JO3HPOBaH- 
Horo yJapa. Ilocae sToro HaOwloJaJicA THNHYHbIM KOHTY3HOHHO-KOMMOILMOHHBIM 
CHHJPOM: 2KHBOTHbI€ He€KOTOPOe BPeMA OCTaBaJIMCb HENOXBHXKHbIMH, HCue3saJu 
pedslekcbl, YaCTO OTMEUaIOCb pacllMpeHHe 3payKOB, CauBalua. Y coOak OObINHO 
HaOwJllofaoch pe3koOe YrHeTeHHecepeuHOH JeATeJIbHOCTH HM AbIXaHHA: MYJIbC 
3amMelavica JO 40—60 yapoB B MHHYTY, B HeKOTOPbIX CulyuaAx HacTyMaJla 
KPaTKOBpeMeHHaw OCTaHOBKa JbiIxaHuA. Uacto HaGsioqaJucb Tias0BuraTeb- 
Hble PaccTpOHcTBa B Bue FOPH3OHTaJIbHOrO HUuCTarMa. Uepes cyTKH OMMCAaHHbIe 
CHMNTOMbI HCue8aJIH WIM CTaHOBHJIMCb 3HaUHMTeJIbHO MeHee BbIpPaxXCHHbIMH, HO 
elle B TeYeHHe HECKOJIbKUX [Heli HMeIO MecTO rsry6oKoe TopMoxeHHe LLHC. Ha 
BCKPbITHH HaXOJWJIH THMepeMHIO MOSFOBbIX OOOIOUeK, B NepBble YaCbl MOCce 
TPaBMbI — MOJHOKPOBHe MO8Ta, HHOra — Me@JIKOTOUCUHbIe KPOBOH3JIMAHHA 
B KOpe H B CTBOJIOBOH YaCTH FOJIOBHOrO MOSTa. 

B KayecTBe HHAUKaTOPOB MpOHHWaeMOcTH ObIJIM UCMOJIb3OBaHb! PaMOakTuB- 
HbIli (occbop HW pakMoaKkTHBHbI KaMbUM, KOTOpbIe B Jose 22,5 yp Cu (NagHP*O,) 
win 36,6 wCu (Ca**Cl,) Ha 1 kr Beca BBOAWIMCb BHYTPHMbIWeYHO Yepes Pa3Hble 
CpOKW Moce HaHeceHHaA TpaBMbI. MuAuKaTOpbl BO BCeX CIy4aAX BBOAMIMCh 3a 
yac JO KOHIa OMbITA, T. @. JO CMePTH 2KHBOTHOTO, KOTOPAA BbISbIBAJIaCb BBEJCHHeM 
B KPOBb BO3AyXa (KPOJIMKH) M60 JekanutTaluet (coOaKu). CojepxaHue H30TO- 
NOB OMpeleAOCb B JIMKBOPe, B MO3ry, B KaMePHOM BJlare rla3a, a Take BO 
BHYTPeHHUX OpraHax. AKTHBHOCTb MPHPOTOBJICHHbIX MpelapaToB ONpeledAach 
mpu momouyH ycraHosku B mpu cuerunKe AC-2, 3aks10ueHHOM B CBHHIOBbIM 
yomuk. IIpupoyqumpie HW2Ke WNPpPb!l BbipaxkaloT AaKThBHOCTb HCCJeOBaHHOU 
X%KHJKOCTH WIM TKaHW MO OTHOLWeEHHIO K AKTHBHOCTH CbIBOPOTKH KPOBH B NPOwleH- 
tax. IIponuuaemoctrh TSB usyyasacb yepes 20 mun., 1—2—4—8—12—24 yaca 
uw 2—4—6—cyTOK ocJle TpaBMBI. 

Ileppaa cepHaA OMbITOB OblJIa MOCTaBeHa JIA BbIACHeEHHA BONpOCca O paciipe- 
JIeeCHHH MHMKaTOpOB B HOpMaJIbHOM opraHuame. IlomyueHHble WaHHble MPHBe- 
yieHb! B Ta6n. |. 
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Kak BUJHO M3 TIpeACTaBsIeHHbIX JaHHbIX, BBeeHHbIe HH/MKAaTOPb! pacipese 
JIAIOTCA B OPraHH3Me BeCbMa HepaBHOMepHO. Haumeublilee KOMMYECTBO UX COMep 
*KHTCA B MO3Pe H JIMKBOpe, 3aTeM HeT KaMepHas Bélara (y KposuKa). Takum 00- 
pa30M, B TKaHAX HM HKHAKOCTAX, OTAeJICHHbIX OT KPOBH 6apbepHbIMH mpucnocod- 
JIeHUSAMH, Cosep2xKaHne P*® B 6—18 pa3 MeHbUle, ¥eM B KpoBH. Eure Oobie 9Ta 
pasHulla Jat palMOakTHBHOrTO KaJIbILHA. O6pamaer Ha ceOA BHUMAaHH 
Take TO, uTO P*? no-pasHOMy cop- 
Oupyerca B paSHbIxX OTJelax [TOJIOB- 
Pacnpenesenne P22 n Ca‘ B opranusme coOakH = HOrO MO3ra. Tak, Cepoe BeLlleCTBO 
HU KpOJIWKa Yepe3s 4 yac mocue BHY TpHMbIMeu- COJleP2KUT 9TOTO WHuKaTopa B pe 3 

Pie eee wie pasa Ooulblue, sem Gem0e. Oco6oe Mec-- 
(AKTUBHOCTb MO OTHOUICHHIO K CbIBOpOTKe B %) To 3aHMMaer Trunodns, KOTOPbIM Co-: 


Ta6uuna 1 


Co6aKu KpowuKu Aepzkur P* w 12 pas (coOakH) M Ma-~ 

BONS ele erie ic Teen oe ee (KpOJIMKH) Oouble, ie | 
KOpa rovioBHoro Mosra. Taka pa3HH 
mate Stee Cpemu. us «Wa, MO-BHJMMOMY, 3aBHCHT OT ABYX 

9 ONBITOB = MOM€HTOB: BO-II€pBbIX, OT TOTO, OTJe-| 

JieH JIM JaHHbiii OpraH OT KpOBH Oapb- | 

Cepoe _ Belllec TBO €pOM HIM HeT, MU, BO-BTOPbIX, OT) 

Beace womens the cht aa XapakTepa yuacTHA WaHHOrO HHMKa-) 
Sparentund Gyrop eve T | 3.4 TOpa B MeTaOouH3Me uccuIeAyemMoro 
Tpoxonropatbili opraHa. CpaBHHTeJIbHO BbICOKOe CO- 

MO3r 8,0 7,5 3,4 nepxanue P* B rumoduse, NO-BHIU- | 

LADO ag: 06- FE Miceuvincs 48 MOMY, CJlelyer OOBACHHTb TeM, UTC | 

Tunodus — | 2082 | 49:6 OH HaXO{HTCA 3a MpefeaMH MO3TO- | 
nepenuaa gona | 207,14) — es Boro Oapbepa, a pa3Hulla B COJepxka- 
salnAA MONA 213,89 => ate HMM palwoakTuBHoro ocdopa H pa- 

Brey ust CU: 237.9| 373,6 | 49,5 AMOAKTHBHOTO KaJIbILust CBHCTEIbCT | 
JIuxBop 15,4 8,9 8,9 BYeT O TOM, UTO OHH HE TOJIbKO MO~ 
Kamepuaa Buiara NAO Way 2 Wah Ppa3sHOMY MPpOHHKaIOoT B MO3Sr, HO FH 
Tleuenb 473,8| 320,2 | 62,0 M10-pa3HOMY BKJIO¥aIOTCA B ero OO- 

Tlouxa TQ 2| L002) 7 79,0 MeH. 

M3 ra6. 1 rakxke BHAHO, 4TO Ye- 

* Cpennee ua 10 onntos. pes OHH H TOT 2*Ke CPOK Tocwle MapeH- 

** Cpenuee u3 5 ombiTos. TepaJIbHOro BBeweHua PB pa3uHUR | 


HbIX KOJIMYeCTBAX OOHApyKUHBaeTcs — 
B TKaHAX MO3ra B JIMKBOpe y KpOJHKOB UCOOaK. M3 aTOrTO MO?KHO 3aKJIIOUHTh, | 
yto [OB ve B OfMHAKOBOH CTemeHH MpOHUMaeM JIA OAHOFO H TOLO Ke BelllecTBa 
Y Pa3HbIX XKMBOTHBIX. 

Bropasd Cepia OMbIToB Oba NOCBAMLeHa HCCJIEOBaHHI0 2XHBOTHBIX C YepenHo- 
MO3rOBOH TpaBMOH. 

Kak BuyHO u3 puc. 1, npoHumaemoctb TSB mocse TpaBMbl BO BCeX CJy- 
yaiX 3HAaUMTeJIbHO MOBbIWaeTCA. OO STOM CBUAeTeJbCTBYeT YBeJMYeHHOe COjep- 
x*aHMe P?? Kak B MO3re, TaK WM B CHWHHO-MO3roBOH %KUAKOcTH. YBesHueHHe 
WHMKaTOpa WMeeTcA y2xXe uepes 20 MHH. TocsIe TpaBMbl, HO M@aKCHMaJIbHO- 
ro KOJIMYeCTBa OH ocTuraeT Yepes ac. OTHOCHTeJIbHad AKTUBHOCTb JIMKBOpa 
B 9TOT CpOK focTuraer B cpeqHem 41% (B HopmMe 8,9%), a Kopa Mosra 16,6% 
mpu HopmMe 7,2%. Ha TakomM BbICOKOM YpOBHe MPpOHHMaeMOCTh ocTaeTCHA B Te- 
yeHHe MepBbIX 4 ¥ac.,MoCJe Yero MOCTeMeHHO MajaeT UB JabHeli Wem, CHUKAaACh, 
yepe3 4—6cyTOK IpHXOJHT K HOPMaJIbHbIM BesIMuMHaM. Uepes 4 cytoK u3 8 onbi- 
TOB TOJIbKO B 2 ONbITaX Ha KpOJIMKax HB | Ha COOaKe ObINIO HalieHO NOBbILLeH- 
Hoe cowepxkanHe P* B muKBOpe, a uepes 6 CyTOK OHO ObIIO HOPMAJIbHbIM BO 
BCeX CyUaAX. 

Creqyer OTMeTHTb, YTO Y COOak MOCse TPaBMbI HaGJOJaOch 3HAYHTeMbHOe 
koNeOaHue B CoyepxKaHHH P* B pa3mMUHBIX yaacTKaX KOPbIl TOMOBHOFO MOsra, 
4TO, M10-BAJMMOMY, ABIAeTCH Pe3YJIbTATOM HEOAMHAKOBO"O JelCTBUA TPaBMUPY10- 
We CHJIbl Ha pasJIMUHble OTAebI MOSTa. 

Ilpuyumaa Bo BHUMaHHe TO OOcToATembCTBO, uTO P®? yrpaeT BaxKHYIO POJIb 
674 


B merado“3me MO3ra, Mbl TIpOBeIH CepHio ONMbITOB, rye B KaueCTBe HH- 
JukKaTopa MpOHHWaemMocru ObWI, HCNOIb30BaH PaAHOaKTHBHbI, Kabunh. Kak 
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Puc. 1. Coyepxanne P®? pg mosre (a), 1ukBope (6) u KaMepHoii Baare (@) B HopMe M MIpH 3aKpbiToli 

““epelmHO-MO3roBolt TpaBMe y KpOJIHKOB. AKTHBHOCTb MO OTHOUI€HHIO K CbIBOPOTKe KpoBH B %. 

Kaxqerit cromOuk OTHOCHTCA K pesybTaTaM rpymnb 43 4 onpiToB. HuxKHas VM BepxXHaa rpaHuubl 

CTOJOHKOB COOTBETCTBYIOT MHHUMYMy H MaKCHMyMy B JaHHOM rpynme OMbiToB, *KMPHbIH wrpux — 
cpeqHeMy 3HaueHHI0 


yxKe ObwIO MOKa3aHO BbIlle, B HOpMe Ca4? MpOHHKaeT B MO3POBYIO TKaHb B OUCHb 
HeOobIuOM KOHYeCcTBe. [locuie TpaBMbI COMep*KaHne H30TOMA B MOSTY H JIMKBOPe 
3HaUHTeIbHO MOBbIllaeTcA. Oro M0- 
BbllleHHe HaHOoJlee BbIpaxKeHO B Tep- 

Bple 4—8 yac. nmocie TpaBMbI, Mocse Cojep»kanne Ca*® B moare, JIMKBope H KaMepHori 

Cc 45 i BJlare KpOJI4Ka NOCJIe TpaBMbI 

wero KOJIMYECTBO a MOCTeHeHHO (AKTHBHOCTb MO OTHOINCHHW K ChIBOPOTKe KPOBH 
CHM KaeTcaA HW uepes 2 cCyTOK MpHxo- B %) 


Ta6Omuna 2 


Aut K HOpMe (TaOu. 2). = 
Bpema, mpomegz- BY 2 s 
Beyuyy Toro, uToO OapbepHbimMH = PeMm npomex E coe 2. zo 
HpucnocoOs1eHHAMH OOJaaeT HE TOIb- ceHHaA TpaBMbt, 8 See g ge 
or eo} Las} 
KOMOSr, HO HPwla3, B Hallux OMbITaXx bee 27) Pee) os wa 
M3yu4aslaCh TaK%Ke MPOHHMaeMocTh re- 
maro-odrammuyeckoro Oapbepa. Iipu 2 ; we mes Bae 
9TOM ObIWIO YCTAHOBJIeHO, UTOB Teye- 3 | 41’7 | 1670 | 3476 
Hue MepBbIX CYTOK Moc/le TPaBMbl Ka- * 
p22 4 4 8791 34,7) | 40,0 
MepHad BJlara Pla3a Cojlepxaa u 5 | 40'9 | 93°4 | 43°7 
Ca‘ p 2—3 pa3a Goble, 4emM B HOp- 3 | 42.0 | 2377 | 32.7 
Me, UIO CBHJeTeIbCTBYeT O TOM, YTO 8 1 3.2 | 18,0 | 26,4 
NpoHMaemoctb —remaTo-o(rasimuye- eet l) 28.6. 2058 
<koro Oapbepa Mp 3aKPbITOH yepell- Beet 10 118 Gn EASee 
HO-MO3TrOBOH TpaBMe TakK2Ke MOBbI- 24 { 5.2 | 9,5 | 17,6 
maeTea. eT S10 
Haim aHHble O MpOHHKHOBeHHH 3 C7 5-| 10,2) 12,8 
P* B Mo3r B HOPMAJIbHbIX YCJIOBHAX 48 4 yey | MO. | ashi 
COBMajaioT C JHTepaTyPHbIMM JlaH- 2 a ee ie 
s 0,4 ’ ’ 
HbIMH, MOJIYYeHHbIMH Kak B 9KCMepH- ss 
MeHTe Ha *KMBOTHBIX (°,°,*), Tak H Hopma 
(cpeHH. U3 5 ONbI- Z 
MmpH HcceqOBaHHu KIMHUKY yeJlo- TOB) Orel ne) |) Mal 0 


Beka (*°,7*) 
Mee coflepKaHuA P32 y Cat® B mosre HM JINKBOpe Mocle 3aKPbITOH 


4ePeMHO-MO3TOBOM TPaBMbl ABACTCA CJIeNCTBHeCM HapyleHHA MpOHMlaemocru 
TB. Uro kacaerca MexaHu3mMa 9TOFO HapyllieHuxA, TO 3JeCb CieyeT HMeTb 
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| 
] 
B BULLY pA, PakTOpOB, UH B TOM UHCJIe NOBpex eH He OOJIbIUOFO KOJIMYeCTBA KallH+ 
JIAPOB, BCIeICTBMe “ero Gapbep Kak Obl «<aer Teub» (*4) M BelecTBa, COdepxKa- 
ulMeCA B KPOBH (B TOM uHCIe P® yw Ca‘), B OobUIOM KOMYeCTBeE MepexogA 
B JIMKBOp 4 MOST. BaxkHax pOJlb B 3TOM OTHOIWEHHH NPHHaWexKUT Take pac- 
CTPOHCTBaM Hel pO-ryMOpaJIbHOMU pery JAM, TAK KaK YCTAHOBJIeCHO, YTO 3aKPbITa 
qepelMHO-MO3roOBad TpaBMa COMPOBOXKLaeTcA HaKOMJICHHeM B MOSTe H B CIIMHHO- 
MOSTOBOH %KUAKOCTH alleTHIXOMHA HW MOBbILeCHHEM AKTHBHOCTH Fay pOHHa3bl., 
ConoctaBuJleHHe KJIMHHYeCKHX IPpH3HaKOB TPpaBMbl C JaHHbIMH O MpOHHilae- 
MOCTH CBHJI€T@JIbCTBY ET O TOM, UTO HaHOOJIbIUIMe HapylleHHA Oapbepa B H3BeCTHOH' 
Mepe COBNajlaloT C HanOoulee TAXKEJIbIMH MpOABeHHAMN OoesHu. MoxKuxo Ay- 
MaTb, UTO IIPOHHKHOBeHHEe B MO3P TOKCHYCCKHX BEeILeCTB H BOOGIE BeLeCTB, H 
CBOHCTBEHHbIX erO MeTaOOJIH3My (B TOM UMCJIe AHTHTeHHOK MpHpoOsbl), ABJIAeTCA 
OJHHM H3 (akTOPOB, OODACHAIOUIUX TAXKeIbIe NOCMeEACTBAA YepeMHO-MO3rOBOH | 
TPaBMBI. 
Hapyuteuue mponutaemocru TSB mpu tpaBMe mo3ra ABAeTCA HeEOMaronpH 
ATHBIM (aKTOPOM, H NOSTOMY HEOOXOMMO JlaJibHel lee H3y4eHHe 3TOFO BOTIpOca: 
C UebIO H3bICKaHHA CPeCTB, MOBbIWAIOWIMX PeC3HCTeEHTHOCTb Oapbepa. 


Onecckui MeQMUMHCKHH MHCTHTYT Ilocrynuso 
um. H. WM. IIuporosa 11 Il 1958 
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Hoxuayn Akawqemun nayx CCCP 
1958. Tom 120, N 3 


PHSHOAOTH A 


b. A. KYXPAWOB u TM. YW. YIIMTHHA 


SIKCMEPHMEHTAJIBHbIE JIAHHbIE O CYLI[ECTBOBAHHK 
MW 3HAYEHMH &H3HOJIOTMYECKOM AHTHCBEPTHIBAIOULEM 
CHCTEMBI (ACC) B OPPAHH3ME 


(IIpedcmaeaexo axademuxom B. A. Juneecaveapdmom 18 II 1958) 


Hsyuenue HenocpesCTBeHHbIX MPHUHH BHYTPH COcyAUCTOrO TpomM6o06pa3o- 
BaHHA JO CHX NOP He JaJO OMpeyeveHHbIX pesybTaTOB. Ha ocHoBaHuN Mpeumy- 
UCCTBEHHO KJIMHHYCCKHX JaHHbIX Ob BbICKa3aHbl MpeANOOKeHUA, UTO TPOM- 
603bI BOSHUKAaIOT B OCHOBHOM Ha MOuBe MOBBIINeHHOFO COsepxKaHHA B KPOBH Oewl- 
KOBbIX TPOMOOreHHbIX KOMMOHEHTOB (',”) H B pesyJIbTaTe 3aCTOHHbIX ABJeHHH 
(?-°) WIM BCeXCTBHe MaTOJOrHYeCKOrO H3MeHeHHA SHOTeHA COCyAOB, BeLy- 
- mero K NOABJICHHIO CMauHBaemol NoBepxHocTu (°~"); Ha TaKHe H3MCHEHHHIe yua- 
_CTKH BHYTPeHHeH MOBepXHOCTH COCYOB IIpHuMaloT KPOBAHbIe MaCTHHKH, 
Waroulue Hayao TpomOooOpasoBaHuw (°,°). 

OKCHEPHMeHTAaJIbHOe UCCeqOBaHHe BHYTPHCOCy AUuCTOrO TPOMOOOOpasoBaHHA 
TIPHBeJIO HAC K 3aKJIIOUCHHIO, UTO BOSHHKHOBeHHe CryYCTKOB B KPOBAHOM pycule, 
TI0-BHJJMMOMY, OOYCJIOBJIeEHO HapylWeHHem (PyHKWHN (busHOMOrHYeCKOH aHTHCBep- 
TbIBalolleH CHcTembI (ACC), Woka3aTeIbCTBaM CYIeCTBOBAaHHA KOTOPOH Hu MOCBA- 
mleHa HacToAjad paodora. 

Matepuad H ME€TORUK a. OKCHEPHMeHTHI MPOBOAHMHCh Ha OedbIx 
kpbicax Becom oT 110 yo 150 r. )KuBorubie HaxOJMJIUCb Ha OObIUHOM JaOOpaTop- 
HOM palinoue. Kposb y 2KHBOTHBIX Opaslacb MPH NOMOLLH Wnpula u3 v. jugularis. 
Tem 2Ke NyTeM MpOv3BORNINCb BHYTPHBeHHble HHbeKUNH. Ja craOuiMsalnu 
KpoBH ucnoOmb30Baca 0,1 M pacrBop oKcaslaTa HaTpuA, u3 pacueta | uacTb 
Ha 9 yacteH KpoBu. TpomOonacTHH MPHTOTOBJIAJICA U3 TKaHH FOMOBHOFO MOSra 
OObIuHbIM MeTOoOM (8). AKTHBHOCTb MO yYeHHOrO TpoMOoNMacTHHa ONpeleA ach 
np uHKyOaluu cmecu: 0,1 m1 0,025 M pacrsopa CaCly, 0,1 ma TpomOonsacTuHa 
40,1 Ma okCadlaTHOH M1a3MbI KpbicbI — pu 37°. Bpema cBepTbiBaHusa (B CeKYH- 
Jlax) XapakTepH30BaJ10 aKTHBHOCTH HCIIbITyeMOro TpoMOomacTHHa. B ombitax HC- 
TOJIb30BaJICA PACTBOPeHHHI B (PH3HOOrMYeCKOM PacTBOpe MpenapaT TpomMOnua, 
TOJIYYCHHbIN H3KPOBH yeOBeka. AKTHBHOCTb PacTBOPOB TPpOMOHHa ONpeye/sA- 
JlaCb IO BpeMeHH (BCeKyHAax) CBepTbIBaHHA 0,1 ms OKCasaTHOM KPOBH KPbICbI 
IIpH WO6aBsenuu B Hee 0,1 ma pacrBopa TpomOuHa — pu 37°. Odmree cBepTbIBa- 
HHe€ KPOBH OMpesesAOCh CJeqyr1ouluM OOpasom: 0,5 MJI KPOBH H3B/eKaJIOCb U3 
v. jugularis umputlem H HeMeqVIeHHO BbIIMBalOCcb B Cyxylo mpoOupKy Can. 
IIpo6upka, NomelleHHad B BOAAHYIO OaHIo pu 37°, peryAPHO BCTPAXMBaacb. 
S3aceKaslocb BpeMaA (B CeKYHax) OT MOMEHTA B3ATHA KPOBH YO MOMeHTa OOpa3o- 
BaHua CryctkKa. 

Pe3yMbTaTbl IKCNEPUMEHTOB. XOPoOllo U3BeCTHO, YTO TPOM- 
6onacTHH, NOJYYeHHbIN W3 MO3rOBOH TKaHH, 3Ha4HTeIbHO YCKOpsAeT IN vitro 
CBePTbIBaHHe OKCasiaTHOH KPOBH WIM M1a3MbI pu ee pekambuuduKaunu. [oqo6- 
Hoe 2e ycKOpenue cBepTbiBanuaA in vitro HaGMoqaeTca uM pu HOOaBseHuM TPOM- 
OonlacTHHa K HaTHBHOM KpOBHM. STO yCKOpPeHHe CBEpTHIBAHHA OOYCJOBJIEHO TeM, 
uTO BIipemapate TpOMOoMNacTHHa COJepxXHTCA TKaHeBad MpOTpoMOoKuHa3a, 
peBpalaroulaAcad MO MeHCTBHeM MIa3MeHHbIX KOMIIOHEHTOB B AKTHBHYIO TPOM- 
6okuHasy (°, 1°), HalMune KOTOPOH HEOOXOAUMO AIA TIpeBpalleHuaA MpoTpoMOuHa 


B TPOMOHH, B MpHCYTCTBHH HOHOB Ca. 
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Mcxoya u3 BbillecKa3aHHOrO CuleqyeT OKUJaTb, YTO NPH BBeJeEHHH TPOMO: 
TwiacTHHa in vivo BHYTPHBeHHO, B cocyjjax OuJwHbI OOpasoBaTbCA CryCTK 
OyHakoO 9TO O%KUaHve B OOJbIUIMHCTBe CJIyYaeB He OMpaBAbIBaeTCA, KaK BUJHK 
u3 TaOm. 1. BHyTpHBeHHoe BBeeHHe LOCTAaTOUHOH JO3bl aKTHBHOTO TpOMOOMIa 
CTHHA BbI3BaslIO OOPpas0BaHHe BHYTPHCOCYAHCTHIX TPOMOOB, CO CMePTeJIbHbIM UC. 
XOJOM TOJbKO B 4% cayuaeB. Bce ocrasibHbIe *KUBOTHHIe, NOJYYHBUIMe BHYTPH 
BeHHOe BJIMBaHHe TPOMOOMJAaCTHHA, OCTaJIMCb B 2%KUBHIX. IIpu usyyenuu oOmerc 
CBePpTbIBaHHA KPOBH TaKHX 2KHBOTHBIX ObWIO YCTaHOBJIEHO, UTO BPeMA CBePTHIBa 
HHA yAWInHAeTCA Oosee vem B 10 pa3 HeMOcpeACTBeHHO Nocsie BUMBaHHA UM OCTAi 
eTCH Ha 9TOM YPOBHe B TeyeHHe Nocuielyromux 7—10 mun. Satem HaGsroqaeTc 
MOCTeMeHHOe BOCCTaHOBJIeHHe CBePTbIBAHHA, MocTHrarulee CusHomorMyecko 
HOpPMbI uepes 60 MMH. Nocwe HH beKWMH TpOMOOMacTHHAa. 

Takum 00pa30M, B OTJIM4HEe OT Pe3yJbTaTOB 9KCNepuMeuTa in vitro BBeeHU 
TpOMOOMaCTHHAa B KPOBb, WHPKYIMPYIOULy1o B COCYMCTOM pycule, He NOBbICHJIO,, 
a Ppe3KO CHH3HJIO ee CIMOCOOHOCTb CBepTHIBaTbCA. 

Tor xe uTOr Obl MOJIYYeH B SKCMePHMEHTAaX, B KOTOPbIX 2KHBOTHbIM BHYTPH- 
BeCHHO BBOJHaCb Ta Ke 1O3a TPOMOOMMAaCTHHA MHOFOKPaTHO, YeTbIPe HIM [eCATE. 
pa3, C HHTepBasiamu B 3 Muu. (cm. Ta6.. 1). 


or) 


Ta6auna 1 


Vi3zmenenve o6ujero CBepTbIBAHHA KPOBM KPpbic TMocwJe BHYTPHBeEHHOrO BBeJeCHHA 
TpoMOonvacTHHa (cpefHHe AaHHbIe) 

M 2 “i : O6ulaad CBEpTbIBAeCMOCTbh KPOBH, CeK. 
Pe a9 1 
S hs Ss : e cpa3y mocjie HHbeK- cCNyCTA pa3Hble CpOKH MocJe nNocamez- 
= & iS oS aX = begcene Heii HH beKUHH 
‘ a6 ee Bel & —— 
g es aS go] 8 2 | 2 = = a | & 
2 ge $s g5 1-H | 2-H) 4% /10-4) 3] § a 2 ons [oes 
Boneh rere Bne SH aiRoher a Wihvael cole saat alies ad veg aul he eam 
47 19 0,3 96 | 54 502/500} 4189 | 166 54 | 58 
46 20 0 St4ty PLS GNO4 5) CS 2nl ah ORO eee {Ue we 85 | — 
42 20 Oa tMO) |) At |) x4 995 | 250 | 210} 175 ‘hese |) a0} 96 
AZ, 20 2 8 | 54 | 1800 1800 | 900 
15 20 3,0 0 | 54 | 3600 3600 | 3600** 


* MuorokpaTHble HHbeKUMH MpOH3BOAMIHCh Cc HHTepBaJIOM B 3 MHH. 
** Ompefeseno y Kpsic, mpoxupuinx 30 MMH. Moce HADeKUUH. 
IIpu 9TOM MaKCHMaJIbHbIit ocpekT B HapyUeHHH CBePTbIBaHHA KPOBH HaGJIto- 
AaCA TOAbKO Nocie NepBol HHbeKUMM TpoMOonacTHHa. Hesapucumo oT mIpo- 
AOJKCHUA HH DEKH, KPOBb MOCTeMe€HHO BOCCTaHaB/IMBalla CIOCOOHOCTH CBepTEI- 
BaHia. OMHOBPeMeHHOe BBEJeH He YETbIPeXKPaTHO! UM TeM Gouee JeCATHK paTHOHu 
AO3bl TPOMOoMMacTHHA BHISbIBaIO Y YaCTH WIM Y BCeX XKHMBOTHBIX TOKCHUeCKUIT 
apPekT, MpH4eM KPOBb MOMHOCTHIO TepsAMa CHOCOOHOCTH CBeEPTBIBaTbCA. 
Cneunpuyeckoe jelicrBve tTpomOonmactuna, BBeLeHHOrO BHYTPHBeHHO, | 
OOYCJIOBJICHO COXep2KaHHeM B HEM TKAHeBOII TpOTpoMOoKuHHa3bl. OO stom cBue- 
TEABCTBY CT SKCIEPHMCHT, MPOBECHHbIM HaMH Ha 96 KpbICax, KOTOPbIM BHYTPH- | 
BeHHO BBOAMICA | MJ TpoMOoMacruHa, MpesqBapuTebHO mporperoro B TeueHHe: | 
15 Muu. mpu Temnepatype or 58—59° no 100°. YcTaHOBJIeHO, YTO TPOMOOMaCcTHH 
NOJIHOCTbIO TEPACT CBOIO AKTHBHOCTS locle MporpeBanusa upu 65° wv Bere. Kak 
OblIO yCTaHOBJeHO paHee (°), HMeHHO mpu 65° TepAeT AKTHBHOCTL MpOTpom6o- 
KMHaSa MO3Ta KPBICbI IPH UCHbITaHuU in vitro. Mexoga us daxta, cBumerenbcr- 
BYIOWlero, YTO CHellHpuyecKoe jelicTBue IPH BHYTPHBCHHOM BBeWeHUH OKa3bi- 
Baer TObKO TpOMOOMMAaCTHH, COJepxKauHi TKAHEBYIO IIpOTpOMOOKHHa3y, cule- | 
. 


AyeT CHeaTb 3aKJOUCHHE, YTO BBeeHHe B KPOBAHOe pycO NpoTpoMOoKHHAasbl 
BOsOy#KNaeT PeakUHIO, B Pe3YJIbTATe KOTOPO! HeH36eX%KHO NomKeH BOSHHKHYTb 
TPOMOUH 43 NpoTpomOuHa KPOBH (UpoTpomMO6okuHa3a —-+ TPOMOOTPOIIMH —> Tpom- 
OokuHasa -+ Ca + mporpomOun — TpomOuH (°)). CienoBateibHo, BBeqeHHas 
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B WHPKYJIMPyIOUly!0 KPOBb MpOTPOMOOKHHASa BHISbIBAeT BbIllleMepeyHCJeHHbIe 
ABJICHUA Yepes MOCpeFCTBo oOOpasyroulerocsh TpoMOuHa. OKcnepumentabHasn 
MIPOBePKa NOMHOCTHIO NOATBepAMIa STO MoMoweHNe. Kak BuHO u3 Tabs. 2, 
BBeJlcHHbIM BHYTPHBeHHO B OMNPeeICHHbIX 1O3aX PacTBOp TpoMOuHa, Kak pa- 


Ta6muna 2 


Hismenenue oOmero cBepTbBaHHA KPOBM KPbIC MOCe BHYTPHBeHHOTO BBeLeHHA pacTBopa 
TpoMOnHa (cpexHHe JaHHbIe) 


' 

& 

Q a x O€ulan CBepTbIBAaeMOCTbh KPOBH 

S BES ° KPbIc, CeK. 

‘ a5 

Es So a Es 

a ES IIpuMeyanue 

ae BA oS io uepes 15 MHH. 

5 3 i aS a HH b eKUHH nocwe HHbeKLHH 

ls 12 44 47 >600 Bce 2%XHBOTHBIe€ BbDKHIH 

AT a “i 49,6 >600 B treyenve 10-munyTHoro Ha6mojqenua 
KPOBb He CBepHyslacb. 2 2XHBOTHBIX 
norn6.1H 

10 7 0,5 50 >600 { *%KMBOTHOe TOrH6.10 

13 6 0,5 50 >600 1 2KHBOTHOe morH6.10 


BHJIO, He BbISbIBAeT BHYTPHCOCYHCTOFO CBePTbIBAHHA KPOBH Y HOPMAJIbHbIX 2%KH- 
BOTHbIX HM BPeCMCHHO JIMWIaeT KPOBb CMOCOOHOCTH K CBepTbIBaHHIO. 

Mb! NpOusBeJ1H TakK2Ke BHYTPHBEHHOE JeCATHK paTHoe BBeeHHe KpbicaM 0,3 Mu 
TOFO Ke TPOMOuHA, C HHTepBaJiaMH B 4 MuH. MakcuMmaJibHbiii aspceKT B Hapy WeHuH 
CBepTbIBaHHA KPOBH HaOJlioJaicA mocie NepBoH uHbekuHH. Tlocmenyroumue 9 
HHDbeEKUMA He OKa3aJIM 3aMeTHOFO BJIMAHHA, UW HECMOTPA Ha UX MpososuxKeHue 
B TeueHHe 60 MHH. ocuIe NMepBOM WHbEKILMH KPOBb MOOMbITHbIX 2KABOTHbIX 
MOCTeMeHHO BOCCTAaHaBJINBala B 3HAYHTeCJIBHOH MePpe CNOCOOHOCTh CBEPTHIBaThCA. 
OjIHOK paTHOe BHYTPUBeHHOe BBeCHHe NECATHKPaTHOM JO3bl TPOMOHHA BbI3BaJ1O 
ru6eJIb YaCTH YKMBOTHBIX. Y OCTABIUHXCA B XKMBbIX KPbIC KPOBb MOJIHOCTHIO Te- 
PAJIa CNOCOOHOCTL CBepTbIBaTLCA. 

Mbi He MOXeM JONYCTHTb, YTO TPOMOHH, BbISbIBaIOU[HH CBePpTbIBaHHe OKCa- 
JaTHOH KpoBu in vitro B TeveHve 6—7 CekK., OKa3bIBaJl HEMOCpeACTBCHHO aHTH- 
cBepTbiBalolee JeHcTBue in Vivo Ha WHPKYIMpytouly!o B COCyaxX KPOBb. 

Ilo-BuIMMOMY, NOABJIeHHe TPOMOMHA B KPOBAHOM pycuJle BO3OyxJlaeT K Jeli- 
CTBHIO KaKOH-TO pedJIeKTOPHbIN MeXaHH3M, IIpH MOMOLM[M KOTOPOrO MOUTH MIHO- 
BeHHO BbIJeAIOTCA B WHPKYJIMPYIOULy!0 KPOBb ryMOpaJIbHble aFeHTbl, BLIBOAAMIHE 
43 CTPpOA OHOXHMHUECKHH MeXaHU3M CBePTbIBaHHA KPOBM HW TeM CaMbIM CIlaCcalo- 
ujwe OpraHH3Mm oT rHOemu. Ecsim sto npesnomsowenve NpaBHJIbHO, TO cJeqyer 
OXKUAaTb, YTO MpeNosaraemad (PusHONOrMYecKaA AHTHCBePTbIBalOllan CHCTeMa 
(ACC) moxer ObITb B 9KCIe€PHMeHTe TEM WIM HHbIM MyTeM YaCTHYHO HIM NOI- 
HOCTbIO BbIKIIOUeHa. B TaKOM COCTOAHHH XKUBOTHOe JOJI2KHO NOPHOHYTb OT BHYT- 
PHCOCYAHCTHIX TPOMOOB Ip BBEeCHHH B eFO KPOBEHOCHOE pyculO 03 TpoMOuHa, 
KOTOpble in ViVO, B HOPMe, He BbISbIBaIOT CBEPTbIBAHHA KPOBH. 

Ilpopepka 9TOM rumorTesbl HaMH OblJla OCyWIeCTBJIeHa Ha XXHBOTHBIX, NMOBep- 
THYTbIX TIyYOOKOMY 3PHPHOMY HapKOSy, VU Jala MOMORUTebHbIM pesyJIbTar. 
Yepe3 15 mu. mocse moTepu pedsIeKTOPpHbIX peakILMH KPbICaM, BAbIXalOUlMM 
3*pup, BHYTPHBeHHO BBOAMIICA TpOMOHH (cM. TaO. 3). BompilMHcTBO *KHBOTHbIX 
MOrvOsIO MOUTH MFHOBEHHO MOCJIe HHbEKIMU OT BHYTPHCOCY LMCTOTO CBePpTbIBaHHA 
KpOBH. KoHTpOJIbHble KMBOTHHIC, TAaK2Ke HaXOMMBIUMECA NOX SPUPHbIM HAPKO3OM, 
noqyuaW Te Ke JO3bl pacTBOPpa TPpOMOHHAa, MpesBapuTesbHO Mporperoro MIpH 
57° B TeueHne 6 MHH. HM MOJIHOCTHIO MOTePABLIerO CBOIO CHeMMPMYECKYIO aKTHB- 
HocTb. Bce 3TH XKMBOTHHIe OCTaJIMCb B XKMBbIX M He MpOABWJIM HHKAKUX OTKJIO- 
HeHHH OT HOpMbI. Bropbim KOHTPOJIeM CJyxKMWJIM He MOABeprHyTble Hapko3y 
Kpbicbl. Tloce BHYTPHBEHHOFO BBEeHHA UM TOM 2Ke LO3bl AKTHBHOTO TpoMOnHa 
6O/IbIIMHCTBO H3 HHX OCTaOCb B XKMBbIX (cM. TaOuJ. 3). ToT *xe pesybTaT Obi 
NOJYUeH H MPH akeCTe3HH, BbISBAHHOM MH beKWHel HOBOKaMHA (TAO. 3). 

M3 urorop 9TOrTO 3KCIepHMeHTa CJleflyeT, UTO HaPpKOTHYeCKOe COCTOAHHE, 
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BbI3BaHHOe Y XXHBOTHHIX BJ[bIXAHHeEM CePHOTO s*upa, WIM aHeCTe3HA MPUBeL 
K BPCMCHHOMY BDIKJIIOUeHHIO pellelTOpoB, pearMpytoulux Ha IPHCyTCTBHe TPOM- 
OvHa B KPOBAHOM PyCJle, B CBA3H C UeM 2KMBOTHHIe MOPHOM OT TPOMO03a.B To * 
BpeMA HOPMaJIbHbIe KOHTPOJIBHbIe 2KUMBOTHbIe OCTaJIMCb B *KUBbIX; Y HHX H 

Ta6auna 3 


Bprkmrouenne AHTHCBePTbIBalollen CHCTEMBI NO BJIMAHHEM a(pupHoro HapKO3a WJIH 
aHeCTe3HH, BbI3BaHHOH HOBOKaMHOM 


= Uucs0 %KUBOTHBIX 
fo} 1 os 
[2 ors 208 
Og OonPs 
(oyyes! Qa B TOM UxHcue 
ms Bn B3ATO 
=S See 
BS iO Be | BOURNE BLDKHO | nmorH6s10 
<teo | Hon 
Ont. MKuBpoTHoe 10x aitupubim HapKo3om, Ons 30 D 29 
uepe3 15 MHH. cHa 
KoutTpoap I. ?KuBotupe B du3snonornue- 6 0,9 30 26 4 
CKOM COCTOSHHK 
Koutpowab Il. Kusotuple nox sadupHbim 6 1,0 30 30 0) 
Hapkosom, uepes 15 MuH. cHa. Tpom6nH 
TOJHOCTbIO WHAKTHBMPOBaH HarpeBaHvemM 
mpu 07° B TeyeHue 6 Mun. 
Ont. )Kuporupie NosyunM BHYTpHMbINeY- 6 0,9 30 2 et 9) | 
HbIe HHbCKUMH HOBOKaHHa BLLOJIb MO3BOHOY- 
woro cTow6a 
Koutpouab I. Kusotupre B dusnouoruye- 6 0,5 30 26 4 
CKOM COCTOAHHH 
Koutpons II. Kusporupie nomyunsm Buytpu-| 6 0,5 30 27 3 | 
MBILUCYHBI€E MHbeKUMH HOBOKaWHa BLOJIb 
MO3BOHOUHOrO cToOs6a. Tpom6”uH momHocTbIO | 
WHaKTHBUPOBaH HarpeBaHveM pH O7° B Te- 
yenHe 6 muH. | 


NPOHWS3O0IWIO Hapy WeHHA WHPKY AWN KPOBH OslarojapA CBOeEBPeMeHHOH peak 
UX 3alllMTHOH CHCTeMbI Ha IIpHCYTCTBHe B TOKe KPOBH TpoMOuMHa. CreqoBarTeub-| 
HO, B OpraHv3Me JeHCTBUTeIbHO CylecTByeT CPusHOMOrMYeCKad AHTHCBEPTbIBa- 
roulaa cuctrema (ACC), Bcrymatoulad B felicrBue BCyyae NOABJICHHA TPOMOHHA |} 
B UWHPKYJIMpylouleH KPOBH. 

Uem o6yculoBseHO HapylleHHe CBePTbIBAHMA KPOBH pH BBeeHHM TpoMOo-: 


WJlacCTHHa WIM TpOMOMHA B WHPKYJIMPYIOULyIo KpOBb? IIpopeqenHble abaJH3bil 
NOKa3asIM, YTO y MOMOMbITHLIX %HBOTHBIX Pe3KO MalaeT TpoMOomlacruyeckas | 
AKTMBHOCTb KPOBH,OMpeweiiemaad Pakee OMMCaHHbIM MeToyomM (1°). ConepxxaHue > 
(uOpunorena, cnocoOHoro pearmpoBaTb Ha TPOMOHH, YMeHblaerca MOUTH) 


B YETBIPe Pasa. B 3aMeTHOM KOJINUeCTBE MOABJIAIOTCA relapHHononoouple Belje-} 


+ 


CTBa, 3aMe(IAIOUIMe CBEPThIBAaHHe MPH OOaBJeHHU UX K HOPMAa/IbHOM KPOBH., 

[loqBo44 MTOr H3/10X%XeHHOMY, MbI MIPHXOAUM K BbIBOLY, YTO B-OpraHusMe cy- 
ImecTByeT PU3HOMOTHYeCKat aHTHCBepTbIBalollad cuctema (ACC), pearupyroulaa 
Ha IIPHCYTCTBHe TpOMOHHA B KPOBAHOM pyCJle H BbIKOVAIOWad MPH 9TOM CBep- 
TbIBaIOLNMH MexaHH3M. BpemeHHoe TOpMOXKeHHe WIM BbilaleHue JleaTebHOCTU 
STOH CHCTeMbI BeJeT B ClyYae NOABeEHUA TPOMOUHA B WUpKYAUpyromelt KPOBH 
K BHYTpucocyMcTOMy TpomMOooOpa3s0BaHHW. 


Mockoscknit rocyqapcTBeHHbIit yHuBepcuTer Ilocrynuao 
um. M. B. JIomonocoza 17 Il 1958 
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